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FROM THE “VALLEY of HELL” 
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[ NORTHERN ITALY in a region known as the Larderello section is a strange valley which 
has come to be known as the "Valley of Hell." It is so called because it is a great source 
of subterranean steam. In this valley some 300 live steam wells have been tapped to provide 
steam for producing nearly 1,200,000 kw-hr. of electrical energy daily. 

These steam wells are sometimes 1000 ft. deep and require as much as a year to drill. 
Although the source of power has been known of for nearly a hundred years it has been only 
in the last few years that engineers have succeeded in capitalizing on the supply. Lacking 
coal resources and oil reserves, Italy has been forced to utilize all its other cama resources 
to provide electricity for its expanding industrial program. 

This is the only place in the world where man has harnessed and controlled the power of 
underground volcanoes. Steam for electricity is not the only output of this "Valley of Hell." 
More than 8,000,000 tons of chemical products; pure borax, carbonic acid, ammonia, boric 
acid and other useful products are ae as by-products of this steam power de- 
velopment. 

In the above photograph are shown a group of giant condensation towers at one of the 
new turbine plants in the valley. Each of these towers is larger than the Tower of Pisa, which 
could be placed inside. Here natural steam, piped from the wells, is condensed into water. 
This water is then purified and again converted into pure steam by the heat of the live steam 
from the steam wells, which issues from the earth at about 220 deg. F. The pure’ steam is 
used in the turbo-generators. Each of these towers holds 30,000 cu. meters of water. 

The completion of the eighth in a series of huge turbine plants early this year provides a 
capacity of approximately 32,800,000 kw-hr. of electrical energy per month. Almost all the 
industrial, eas, and domestic consumption of electricity in northern Italy is met by 
production of power from this natural steam source. 
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WITH THE EDITORS 





Health and Comfort from the Power Plant 


AIR CONDITIONING service for summer weather 
is only a few years old but its popularity has advanced 
with extreme rapidity and no building, in a locality 
where heat becomes oppressive, can be considered mod- 
ern unless provision is made to cool as well as heat por- 
tions of the building occupied by people. Complete air 
conditioning also includes ventilation, the removal of 
dust particles, poisonous or obnoxious gases, and hu- 
midifying to the most healthful degree. In other words, 
heating engineers have now available equipment with 
which it is practicable to surround people with air that 
is pure and comfortable. 

In the conditioning of air, engineers have been 
guided principally by the comfort afforded the average 
occupant of the space heated or cooled. To ascertain 
just what temperature and humidity is best for various 
classes of workers has been one of the most difficult 
and long-standing problems of the industry but stand- 
ards are now available and reports from installations 
where such standards are maintained indicate that this 
problem has been successfully solved. 

In the final analysis, the degree of health of occu- 
pants of air-conditioned buildings before and after 
cleaning, cooling and humidifying were applied is the 
determining factor in the success or failure of an in- 
stallation. The answer comes from W. B. Henderson, 
executive vice president of the Air Conditioning Manu- 
facturers’ Association, that illness of office employes 
in air-conditioned buildings has been reduced 28 per 
cent based on the average of days absent from work. 
To substantiate this figure he has compiled statistics 
from many sections of the country from the east coast 
to Texas, extending over periods up to six years. Medi- 
eal authorities state that the incidence of respiratory 
ailments in winter is minimized because a properly hu- 
midified atmosphere increases the resistance of the 
mucous membrane of the nose and throat infection. 
Compiled data show that, although summer months are 
the healthiest of the year, a worker’s chances of being 
laid up during this season are reduced by 60 per cent 
through the use of air conditioning. 

Comfort service is becoming year by year an added 
load on power plants. Steam for heating is a tradi- 
tional power-house load; ventilating takes electric or 
steam power; air washing adds pumping to the power 
load; electric precipitators take current; refrigeration 
for all kinds of cooling purposes is a rapidly growing 
electric or steam load. 

To all of these items, which have to do principally 
with atmospheric conditions, add the comfort afforded 
occupants of buildings by lighting, water for all pur- 
poses, electric fans, elevator service and the thousand- 
and-one electric power driven appliances that relieve 
people of arduous tasks, and the importance of the 
power plant as a dispenser of comfort is very much 
in evidence, 
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The electric utilities have popularized many of these 
services, stressing particularly those that tend to even 
up the daily and yearly load curves, and the results 
have been highly beneficial. With the impetus given 
to certain lines of service by the utilities, the possibili- 
ties of expanding the services of power plants in build- 
ings, institutions and factories have been greatly in- 
creased, particularly is this true of air conditioning in 
the summer time, and with the engineering data now 
available, specific studies can readily be made. 


Why Engineers Behave Like Machines— 
If They Do 


WHAT MAN ean gaze on and contemplate the 
movements of a large Corliss engine or pumping engine 
for fifteen minutes without a feeling that here is a 
contrivance that follows laws to the letter? He sees in 
it something substantial, reliable, admirable; the load 
comes and goes, the governor collapses or expands to 
meet the emergency but the speed keeps up the rhythm 
without change perceptible to human senses. Multiply 
this speed of the engine by hundreds and you get the 
hum of the turbine following laws much more accurately 
than the engine. 

Coal is fed into a furnace under so accurate a con- 
trol that the variation in steam pressure, even under 
great swings in load, is barely readable on the indicating 
instruments. Here, again, invariable laws are in evi- 
dence; they must be obeyed; they command respect. 

Structural parts, with the knowledge of material 
and mathematics available, are designed with such ac- 
curacy that the point of failure can be closely predicted, 
thus giving safety and confidence in the use of metals 
for various purposes. 

Complicated though the design of electrical ma- 
chinery and appliances may be, when the laws of 
physics, chemistry, metallurgy and other basic sciences 
are strictly observed, the speed, voltage, current, power, 
losses, temperature and other conditions incident to 
operation can be definitely predicted by the expert 
designer. 

Would it be surprising, then, that the engineer, who 
is so accustomed to depending upon the absolute ac- 
euracy of his equipment and the natural laws under 
which it operates, should develop a philosophy of his 
own which tends to mold his character and behavior 
into qualities somewhat like the machinery he admires? 
In addition to being physical machines, all humans are 
thinking machines, their actions are guided by the con- 
clusions of their thinking regardless of the correctness 
of their methods. Success in the application of physical 
laws is the result of logical thinking, call it machine 
thinking if you wish, the result is correct only when 
facts are used as premises and deductions follow with 
mathematical precision. More power to the man whose 
logic is as accurate as the operation of a modern machine. 
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INNETKA is a residen- 
tial suburb of Chicago, 
located on the west 
shore of Lake Michigan 
approximately twenty 

miles from the loop; at the pres- 

ent time the village has a popula- Ree. 

tion of 13,000. For many years 

this prosperous village has at- 
tracted attention because of the 
outstanding features of its civic 
life and more recently because it 
is the home of the present Secretary of the Interior, 

Harold L. Ickes. Its government, its progressive school 

system and its community house have attained for it 

more than local publicity, and the operation of its 
municipally owned electric and water plant, surrounded 
as it is by the great Public Service Co. of Northern 

Illinois system, has come in for a large share of in- 

terest. No small measure of the credit to which the 

plant owes its continued municipal existence’ must be 
attributed to the high plane on which the plant and 
the village have been operated. Partisan politics have 
been eliminated in the administration of municipal 
affairs and the village operates under the Council- 

Manager plan. The general management of the 

utilities is vested in an appointive city manager whose 

training and experience qualify him for this respon- 
sibility. Reporting to him is a superintendent of 


562 


WINNETKA’S NEW 






utilities, a graduate electrical engineer, formerly with a 
privately owned utility. 
History 

About the time the Village of Winnetka first at- 
tained a population of slightly over a thousand in 1891, 
the first constructive move towards the attainment of 
a modern water supply system was made, resulting in 
1893 in the completion of the first pumping plant, water 
tower and distribution system, constructed largely un- 
der special assessment proceedings. In 1900, electric 
generating equipment was installed in the pumping 
station and electric service was made available for 
street lighting and for domestic and commercial con- 
sumption. Prior to that time no electric service was 
available in the community. From its beginnings, there- 
fore, this plant has always been municipally owned and 
operated. 




















Since 1900 both the water and electric properties 
have been developed to meet the needs of the rapidly 
growing population of the village, all extensions being 
financed from surplus earnings with the exception of 
the water distribution system which has been con- 
structed largely by special assessment and except a 
general bond issue of $86,000 to partially finance the 
construction of a filtration plant in 1922. 

The water and electric plant is located at the base 
of a high bluff on the shore of Lake Michigan. This 
property which is attractively landscaped consists of a 
combined water pumping and filtration plant with an 
electric generating station all operated as a unit, with 
numerous resulting economies. The location is advan- 
tageous for electric generation, inasmuch as an ample 
supply of water is available from Lake Michigan for 
condensing purposes, although there is some disadvan- 
tage in the fact that direct deliveries of coal cannot be 
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made by rail at this location, necessitating the trucking 
of coal for a distance of approximately one mile. 


MEETING GrRrow1INnG PowER DEMAND 


Until the beginning of 1937 when the improve- 
ments described in this article were started, thé plant 
had a capacity of 6250 kw. in turbogenerators operat- 
ing at 225 lb. steam pressure with 100 deg. superheat. 
The turbine equipment was installed in two rooms, a 
south turbine room containing 3 units of 750, 1000, and 
2000 kw. capacity respectively and served by jet con- 
densers. In the north turbine room, the latest addition 
at that time, was installed a 2500 kw. turbine-generator 
with surface condenser but without extraction heating. 
The boiler room contained two 400 hp. and two 500 hp. 
water tube boilers, operated with chain grate stokers. 
The two 400 hp. units operated with natural draft and 





the two 500 hp. units were provided with forced draft 
equipment. A 200 ft. radial brick chimney served the 
boilers. 

Some time previous to 1937 it became necessary to 
anticipate future maximum loads and to provide for a 
program of expansion which would insure sufficient 
generating capacity to carry these anticipated loads. 
A careful study of future maximum demands had been 
made by Frank F. Fowle & Co. in 1935 involving both 
increase in population and increase in use of electrical 
energy and these studies indicated maximum loads of 
3550, 3800 and 4040 kw. for the years 1938, 1939 and 
1940 respectively. While these were below the rated 
full load capacity of the plant, the general rule was 
that the plant capacity at all times had to be adequate 
to carry the maximum load with the largest electric 
generating and steam producing unit out of service. 
Furthermore any enlargement program had to take 
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into account not only the immediate requirements but 
also future requirements over a period of at least 15 
years. Consideration also had to be given to improve- 
ment in operating efficiency. 

Byllesby Engineering and Management Corp. had 
made studies of possible methods of plant expansion in 
1935 but due to restriction imposed by Federal legis- 
lation they were unable to continue handling outside 
work in 1936. Thereupon Sargent & Lundy, Inc., of 
Chicago, was retained to carry out the work. 


After preliminary investigation and study, Sar- 
geant and Lundy on Oct. 1, 1936, submitted a plan 
under which the expansion of the plant was finally 
carried out. 

The plan called for a program of construction to 
be completed in three steps, the first step involving 
an expenditure of some $315,000 to be completed by 


Fig. | (Extreme left). The new 
combustion control board 


Fig. 2 (Left center). A general 
view in the turbine room 


Fig. 3 (Right center). 
switchboard 


Fig. 4 (Below). A view between 
the new boiler looking towards the 
boiler room 


The main 
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Fig. 5. General cross section of the Win- 
netka generating plant. The new boilers are 
installed in what was formerly the south 
turbine room 
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Fig. 7. An exterior view of the Winnetka 

Electric Plant and Pumping Station. It is 

situated on the shore of Lake Michigan at 
the foot of a high bluff 


December, 1937, in order to carry an estimated load of 
3260 kw., the second with an estimated cost of $395,000 
to be completed by December, 1938, in order to carry 
a load of 3550 kw., and a third step to be completed 
before December, 1943, in order to carry an estimated 
load of 4550 kw. The first two steps have now been 
completed, the work done providing the subject of this 
article. 
DETAILS OF EXPANSION PROGRAM 

Among other things the first step involved the fol- 
lowing major elements: 

(a) Install a (new) 3000 kw. turbogenerator (No. 
5), condenser and auxiliaries; this unit built for 425 
lb. steam pressure but operated for one year at 220 Ib. 

(b) Construct new combined waterworks intake 
and condensing water chamber. 

(ec) Extend new turbine room to provide space for 
relocated turbine unit No. 2 (a 2000 kw. machine 
installed in 1926). 

(d) Install steam extraction equipment to be used 
in connection with unit No. 5. 

(e) Remove turbogenerator unit No. 1. 
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Fig. 8. A view in the new boiler room show- 

ing the stokers and the boiler control board. 

The stokers are motor driven through vari- 
able speed transmissions 


It will be noted that this initial step involved no 
changes in the boiler plant. The new turbine (No. 5) 
as well as the old units (Nos. 2, 3 and 4) were to be 
operated on 220 lb. steam from the existing boilers. 

With this step, the normal operation of the plant 
was on unit No. 5, which even at 220 lb. provided a 
better operating efficiency than unit No. 4. At this 
pressure, however, the unit would not carry over 2200 
kw. but, according to the Westinghouse Co., the water 
rate at that load would not exceed 13 lb. per kw-hr. 
This was a considerably better water rate than that 
attainable by the older machines. The resulting net 
generating capacity under peak load conditions with 
this plan, assuming the largest unit out of service, was 
calculated as follows: 

Unit No. 5...2000 kw. at 13 1b. 26,000 lb. steam 

Unit No. 2...1400 kw. at 201b. 28,000 lb. steam 

Total ..c2. 3400 kw. 54,000 lb. steam 
This quantity of steam was within the maximum ¢a- 
pacity of the, then, existing boiler plant with one of 
the 500 hp. boilers out of service. 
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Fig. 9. Performance diagram for 5500 kw. load. 


The construction program involved in ‘‘Step II’’ 
which was started immediately after ‘‘Step I’’ had been 
completed, included the following: 

(a) Construction foundation for unit No. 2 which 
was to be relocated in the new turbine room. 

(b) Equip unit No. 2 with surface condenser and 
move to new location. 

(c) Remove unit No. 3 from old turbine room. 

(ad) Remodel old turbine room for use as a boiler 
room, extending east wall if necessary. 

(e) Install two 40,000 lb. per hr. boilers for 450 Ib. 
operation including necessary auxiliaries but using the 
existing stack. 

(f) Rebuild No. 4 unit for 425 lb. operation, in- 
cluding installation of extraction equipment. The unit 
had been built in 1930 contemplating 400 lb. operation 
with minimum changes. 

(g) Place units No. 4 and No. 5 in operation at 425 
lb. pressure. 

(h) Remove two 400 hp. boilers. 

The resulting capacity of the plant after the work 
involved in these two steps had been completed was 
as follows: 


Unit No. 2 2000 kw. 2 phase 220 lb. 
Unit No. 4 2500 kw. 3 phase 425 lb. 
Unit No.5 3000 kw. 3 phase 425 Ib. 


Total 7500 kw. 
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The arrangement of the plant at the present time, 
as a consequence of the completion of these two steps, 
is shown in Figs. 5 and 6 and in the accompanying 
photographs. The two new 40,000 lb. per hr. boilers 
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are installed in the remodeled engine or turbine room 
to the east of the oil boiler room. The old boiler room 
still remains but boilers Nos. 1 and 2 have been re- 
moved. Boilers Nos. 3 and 4 are still in place but are 
not used. 

The three turbines occupy the positions shown, the 
two 425 lb. units (Units Nos. 4 and 5) being located 
more or less in line with the new boilers, while unit 
No. 2, the old 220 lb. machine, occupies an adjacent 
position to the east. This unit of course operates from 
the 450 lb. steam line through a reducing valve and a 
desuperheater. All turbines now are served by sur- 
face condensers, the old jet condensers all having been 
discarded. 

The new boiler room occupies, approximately, the 
position of the old south turbine room. The building 
was rebuilt, however, to accommodate the new boilers. 
As described in detail in the accompanying list of 
equipment, the two new boilers are B. & W. Stirling 
units having 5024 sq. ft. of heating surface, designed 
for 450 lb. pressure and with a rated steaming capac- 
ity of 40,000 lb. per hr. The units are set side by side 
with a passage between leading to the turbine room 
and they are fired by B. & W. forced-draft-chain grate 
stockers. Combustion is controlled automatically by a 
Hays system of combustion control designed for 110 
v. a.c. service and a service water pressure of 70 lb. for 
operating the power cylinders. This system maintains 
constant steam pressure and controls the fuel feed, 
forced and induced draft fan dampers through the 
agency of water power cylinders. The combustion con- 
trol board is located directly in front of and facing the 
boilers. It contains duplicate, draft gages, pressure 
gages, water, steam and air flow meters for each boiler 
as well as the combustion control devices. The board 
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Equipment in the 1937-38 Installations at the Winnetka Electric Plant 


GENERAL 
LOCATION : Winnetka, Il. 
OwNnER: The Village of Winnetka. 
' CONSULTING ENGINEERS: Sargent & Lundy, 
ne. 
STEAM GENERATING EQUIPMENT 


STEAM GENERATING UNITS: Babcock 
& Wilcox Co. Two units each consisting of 

BoILeR: B. & W. Stirling. Class 31, No. 
20. 5024 sq. ft. H.S. 450 lb. ga. at super- 
heater outlet. Design press. 475 lb. at boiler 
drum. Steaming capacity, 40,000 Ib. per hr. 
Scrubber in steam drum. 


PERFORMANCE DATA: 
Steam output lb./hr. 20,000 30,000 40,000 

Superheater outlet 
pressure 450 450 450 

Superheater outlet 
722 759 775 


temp. 
Excess air leaving 

boiler, % 50 40 30 
COs leaving boiler, % 12.35 13.35 14.3 
Temp. flue gases 

leaving boiler 602 647 
Temp. gases leaving 

economizer 513 551 
Temp. gases leaving 

air heater 343 
Temp. air 

entering heater 80 
Temp. air 

leaving heater 270 281 

Temp. water at econ. 320 320 

Overall unit eff., % 84 84 82.9 

SUPERHEATER: Pendant type, return tube. 
H.S. 2290 sq. ft. 

ECONOMIZER: Forged steel, return bend. 
H.S. 513 sq. ft. 

AIR HEATER: Vertical, tubular, H.S. 3455 
sq. ft. 12 rows of 22 elements. 

FURNACE: Bailey, water cooled. Area, 
each side wall, 64 sq. ft. Area, downtake 
wall, 177 sq. ft. Total area water cooled 
wall 305 sq. ft. Furnace volume 1340 cu. ft. 

STOKER: B. & W. intermediate, forced blast 
chain grate. Effective area, 135 sq. ft. Size, 
9’6” wide by 14’3” long. Five air compart- 
ments, bottom air admission. 

STOKER MoToR: General Electric, 3 hp., 
1200 r.p.m., 440 v., 3 phase, 60 cycle squirrel 
cage. 

STOKER DRIVE: Reeves 
transmission, 6 to 1 range. 

AUXILIARY STOKER DRIVE: E. H. Wachs, 
4 by 5 in. vertical center crank steam engine 
(relocated). 

FUEL: Franklin county (Ill.) carbon, 11,- 
600 B.t.u. or Macoupin county screenings, 
10,995 B.t.u. 

BOILER ACCESSORIES : 
Water column wrought steel with 18% in. 
— flat glasses. Diamond Power Specialty 
orp. 
Soot blowers. 5 for boiler. 2 for econo- 
mizer. Diamond Power Specialty Corp. 
Safety valves. Crosby Steam Gage & Valve 


variable speed 


Co. 
Feedwater regulators. Northern 
Equipment Co., Inc. 

Drumhead stop and check valves. The 
Edward Valve & Mfg. Co., Inc, 

Blowoff valves. The Edward Valve & Mfg. 
Co., Inc. 

Furnace arches. M. H. Detrick Co. 

Boiler firebrick. A. P. Green ‘Empire’. 
- aed exterior setting brick. Illinois red 
rick. 

Boiler brickwork and arch erection. Na- 
tional Power Const. Co. 

Boiler and boiler steel erection. Henry 
Pratt Co. 

Economizer tube cleaner. Elliott Co. 

ForcEeD DraFT Fans: Two (one per boil- 
er). Buffalo Forge Co. No. 5 SLD. 16 blade 
centerplate type rotator. Stationary inlet 
vanes driven by 20 hp. 1750 r.p.m., 440 v. 
Allis-Chalmers Mfg. Co. motors. 


ForceD DRAFT FAN PERFORMANCE DATA: 


5.03 in. static pressure. 
Boiler steam output, 


Copes. 


./hr. 20,000 40,000 45,000 
Cap. of fan, 


c.f.m., 100° F. 7500 13,500 15,400 
InpucED Drarr Fans: Two (one per 
boiler). Buffalo Forge Co. No. 7% SCLDD, 
16 blade centerplate type, stationary inlet 
vanes. Driven by 40 hp. 1200 r.p.m. 440 v. 

Allis-Chalmers Mfg. Co. motors. 

INDUCED DRAFT FAN PERFORMANCE DATA: 
Boiler steam output 20,000 40,000 45,000 
Cap. of fan, c.f.m. 10,900 21,500 25,000 
Temp. of flue gas, 

311 375 392 


deg. F. 
Static draft developed 
in H20. 5.00 5.00 5.00 
OvERFIRE Arr Fan: One. B. F. Sturtevant 
Co. No. 40, Planovane exhauster, overhung 
wheel. Driven by 7% hp., 1160 r.p.m. 440 v. 
Allis-Chalmers Co. motor. Capacity of fan, 
4000 c.f.m. Pressure increase from 3% to 
8 in. 4% in. static pressure. Temp. of air, 
250 deg. F. at 40,000 1b./hr. output. 
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COMBUSTION CONTROL EQUIPMENT 


CoMBUSTION CONTROL EQUIPMENT: The 
Hays Corp. Hays Automatic Combustion Con- 
trol System designed for 110 volt a.c. service 
and service water pressure @ 70 Ib. ga. 
Maintains steam pressure constant. Controls 
fuel feed, forced and induced draft fan damp- 
ers, and operates same by water power cylin- 
ders. 

CoaL HANDLING EQUIPMENT: Link-Belt Co. 
Capacity, 18 tons per hr. Conveyor No. 1 
from storage bin to coal scale, 12 in. wide 
flight conveyor, driven by Allis-Chalmers 3 hp., 
1750 r.p.m., 440 v., and speed reducer. 

Conveyor No. 2 from coal scale to bunkers, 
12 in. wide flight conveyor, driven by Allis- 
Chalmers 5 hp., 1150 r.p.m., 440 v., and speed 
reducer. 

AUTOMATIC COAL SCALE: Richardson Scale 
Co. Coal scale capacity, 400 lb. dump, 18 
ton per hr., driven by General Electric Co. 
motor. 


MISCELLANEOUS BOILER ROOM 
EQUIPMENT 


AsH ConvEyorR: “Steamatic,” 8 in. United 
Conveyor Corp. 
Coat VaLvEs: 4 (2 per bir.). Stock Engi- 
neering Co., by Faville-Levally Corp. 
AUXILIARY STOKER DRIVE CONNECTIONS: 
Henry Pratt Co. 
TURBINE AND CONDENSING EQUIPMENT 
TURBO-GENERATOR, UNIT No. 5: West- 
inghouse E. & M. Co. Consisting of: 1—3000 
kw. 80 per cent power factor, 3600 r.p.m. single 
cylinder high pressure combination impulse 
reaction steam turbine. 1 Curtis stage, 35 
pair reaction stages; 3 point extraction. De- 
sign conditions: 425 lb. sq. in. ga. 750° F. 
total temperature, 29 in. mercury vacuum. 
Maximum temperature 775° F. 1—3750 kv-a., 
3000 kw. 80 per cent power factor A.C. gen- 
erator, 3 phase 60 cycle, 2400/4150 v. 1—22 
kw. 125 v. shunt wound direct connected ex- 
citer. 1—845 sq. ft. generator air cooler, de- 
signed for 80° F. cooling water. 1—105 sq. ft. 
oil cooler, % in. O.D. tubes. i1—Turbine 
driven auxiliary oil pump. 
PERFORMANCE DATA: 
Generator 
output, kw. 1500 2250 3000 3750 
Power factor, 
per cent 80 80 80 100 
Throttle flow 
Non-ex- 
traction) 
Ibs./hr. 15,195 21,690 28,230 35,288 
Throttle flow 
(Non-extrac- 
tion) lbs./kw- 
br. 10.13 9.64 9.41 9.41 
Full load extraction 
Point Point Point 


steam conditions: 
a No.1 No.2 No.3 
Pressure, Ibs. 


absolute 107 46 14.9 
Heat content, B.t.u. 
per Ib. 1293 1230 1153 


ONE CONDENSING EQuIPMENT, Unit No. 5: 
Allis-Chalmers Mfg. Co. Consisting of: 1— 
4000 sq. ft. horizontal two-pass welded steel 
plate surface condenser. 1—Twin element two- 
stage steam jet air pump. 2—Hotwell pumps, 
two-stage centrifugal), 4 in. x 2 in., 85 g.p.m. 
against a total dynamic head of 195 ft., 1750 
r.p.m. 1—Hotwell pump motor drive, Allis- 
Chalmers 15 hp. motor, 1750 r.p.m., 440 volt, 
60 cycle, 3 phase. 1—Hotwell pump steam 
turbine drive, Terry impulse turbine, 12 hp., 
1750 r.p.m., 450 lb. ga. steam. 1—Circulating 
water pump, size 16 in. x 14 in., horizontal 
centrifugal pump, 6000 g.p.m. against a total 
head of 25:5 ft. 1—Circulating water pump 
motor drive, Allis-Chalmers, 60 hp. motor, 690 
r.p.m., 440 volt, 60 cycle, 3 phase. 

TuRBO-GENERATOR, UNIT No, 4: Westing- 
house E. & M. Co. Installed in 1930; rebuilt 
in 1938 for higher pressure. 1—2500 kw. 
80 per cent power factor, 3600 r.p.m. single 
cylinder steam turbine. 2 point extraction. 
Rebuilt conditions: 425 Ib. sq. in. ga., 750° 
F. total temperature, 29 in. mercury vacuum. 
1—3215 kv-a., 2500 kw. 80 per cent power 
factor A.C. generator, 3 phase, 60 cycle, 
2400/4150 v. 1—22 kw. 125 v., direct con- 
nected exciter. 1—turbine driven auxiliary 
oil pump. 

PERFORMANCE DATA: 
Generator 
output, kw. 1250 1875 2500 3125 


11.2 10.55 10.26 10.26 


s 14,000 19,782 25,650 32,065 

Full load extraction steam Point Point 
conditions: at No.1 No.2 
Pressure, lbs. absolute 40 10.9 
Heat content, B.t.u. per lb. 1251 1163 


CONDENSING EQUIPMENT, UNIT No. 4: 
Ingersoll-Rand Co. Installed in 1930. Con- 
sists of: One 4700 sq. ft. horizontal two-pass 
surface condenser; one steam jet air pump; 
two Allis-Chalmers hotwell pumps, type C2S, 
two stage centrifugal 85 g.p.m. against a total 
dynamic head of 195 ft., 1750 r.p.m. (In- 
stalled in 1937.) One hotwell pump steam 
turbine drive, Terry impulse turbine, 12 hp., 
1750 r.p.m., 450 Ib. ga. steam. (Installed in 
1937.) One hotwell pump motor drive, Allis- 
Chalmers 15 hp. motor, 1750 r.p.m., 440 v., 
60 cycle, 3 phase. (Installed in 1937.) One 
circulating water pump, Cameron No. 14, hori- 
zontal centrifugal, 5800 g.p.m. against 28 ft., 

0 r.p.m.; one circulating water pump motor 
drive Westinghouse 50 hp. motor, 690 r.p.m., 
440 v., 60 cycle, 3 phase. 

TURBO-GENERATOR, UNIT No. 2: Westing- 
house E. & M. Co. Installed in 1926. Re- 
located in 1937 and surface condenser added. 
One 2000 kw. 80 per cent power factor 3600 
r.p.m. steam turbine. Design conditions: 220 
Ib. sq. in. ga., 520° F. total temperature, 
1.5 in. back pressure. One 2500 kv-a., 2000 
kw. 80 per cent power factor A.C. generator, 
2 phase, 3 wire, 60 cycle, 2400 v. Direct con- 
nected to system through Scott transformer 
for 3 phase distribution. One direct connected 
exciter ; one Worthington oil pump. 

ONE CONDENSING EQuIPMENT, UNIT No. 2: 
Allis-Chalmers Mfg. Co. Installed in 1937. 
Consists of: One 3000-sq. ft. horizontal two- 
pass, welded steel plate, surface condenser. 
One twin element two stage steam jet air 
pump. One Cameron hotwell pump, two stage 
centrifugal. 85 g.p.m. at 90 ft. head, 1750 
r.p.m. Relocated from Unit No. 4 where it was 
installed in 1930. One hotwell pump steam 
turbine drive, Terry 10 hp., 225 lb. ga. steam 
pressure, 1750 r.p.m. Relocated from Unit 
No. 4. One circulating water pump, size 16 
in. x 14 in., horizontal centrifugal pump. 4500 
g.p.m. against a total head of 25.5 ft. One 
circulating water pump motor drive, Allis- 
Chalmers 50 hp. motor, 690 r.p.m., 440 v., 
60 cycle, 3 phase. 


FEEDWATER HEATING EQUIPMENT 
1937 AND 1938 INSTALLATION 


ONE Low PRESSURE CLOSED HEATER, UNIT 
No. 5: Whitlock Coil Pipe Co. Horizontal, 
floating head type, 6 pass. Heating surface, 
156 sq. ft. Heating capacity 30,000 Ib. per hr. 
from 90° F. to 202° F. with steam at 13.5 
Ib. ab. 

OnE Low PRESSURE CLOSED HEATER, UNIT 
No. 4: Whitlock Coil Pipe Co. Horizontal, 
floating head type, 6 pass. Heating surface 
156 sq. ft. ; heating capacity, 30,000 Ib. per hr. 
from 90° F. to 190° F. with steam at 10.3 
Ib. ab. 

OnE HiGH PRESSURE CLOSED HEATER, 
Units No. 5 AND No. 4: Whitlock Coil Pipe 
Co. Horizontal, floating head type, 4 pass. 
Heating surface, 215 sq. ft. Heating capacity, 
65,000 Ib. per hr. from 270° F. to 320° F. 
with steam at 99 Ib. ab. 

ONE DEAERATING FEEDWATER HEATER: 
The Hoppes Mfg. Co. Vertical, direct contact 
type. Heating surface, 193 sq. ft. Heating 
capacity, 75,000 lb. per hr. from 200° F. to 
270° F. with steam at 42 Ib. ab. Storage capac- 
ity, 133 cu. ft. Vent condenser, single pass, 
65 sq. ft. 

TURBINE DRIVEN BOILER FEED PuMP: One 
Ingersoll-Rand Co., Inc., horizontal centrifu- 
gal type, 6 stage, 80 g.p.m. at 3500 r.p.m. 
Suction head, 45 Ib./sq. in. ga. Discharge head, 
620 Ib./sq. in. ga. Turbine drive, Terry 60 hp. 
at 3500 r.p.m., 425 Ib. gauge steam, 725° F. 

MoTor DRIVEN BOILER FEED PuMPS: Two 
Ingersoll-Rand Co., Inc. Horizontal centrifu- 
gal 6 stage. Capacity, 80 g.p.m. at 3500 r.p.m. 
Suction head, 45 Ib./sq. in. ga. Discharge head, 
620 1b./sq. in. ga. Motor drive, 75 hp., 3550 
r.p.m., 440 v., 60 cycle, 3 phase Allis- 
Chalmers. 

TRAVELING WATER SCREENS: Chain Belt 


Co. 

ONE TRAVELING SCREEN WASH PUMP: 
Yeomans Bros. Co. 

Sump Pump: Yeomans Bros. Co.—Type, 
vertical. e 

PRIMING Pump: Standard Power Equip. 
Co.—For priming screen wash pump suction 
pipe and crib house siphon. Type, Nash Hytor 
vacuum pump. 

HEATING SySTEM CONDENSATE RETURN 
Pump: Chicago Pump Co.—Type, condensa- 
tion unit with tank. Size, 14% in., 10,000 
sq. ft. radiation equiv. Capacity, 15 g.p.m. at 
50 Ib. discharge. 

HiegH Lirt PuMP EMERGENCY TURBINE: 
Terry Steam Turbine Co.—Type GS-21 single 
wheel; capacity, 300 hp. at 1200 r.p.m. 

Low Lirt FILTER Pump: Worthington P. 
& M. Corp.—Pump, single stage ; head, double 
suction 36 ft.; capacity, 5560 g.p.m. 
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Equipment in the 1937-38 Installations at the Winnetka Electric Plant—Continued 


MISCELLANEOUS EQUIPMENT 
PIPING SYSTEM: William A. Pope Company. 


CIRCULATING WATER PIPING (OUTSIDE): U. S. 
Pipe & Foundry Co. 

INSIDE WATERWORKS PIPING: Crane Co. 

WATERWORKS VALVES: The Chapman Valve 
Mfg. Co 

ERECTION OF CIRCULATING WATER PIPING: 
William A. Pope Company. 

FIVE SLUICE GATES: Crane Co. 

CONDENSATE VENTURI METER: 
Foundry. 

H. P. STEAM FLOW METERS: 
Company. 

IND. PRESS. GAGES: 
Moore. 

TEMP, & PRESS, RECORDER : 
& Moore. 

ONE ELECTRIC CLOCK: 
Moore. 


Builders Iron 
J. W. Murphy 
Manning, Maxwell & 
Manning, Maxwell 


Manning, Maxwell & 


IND. THERMOM. AND TEST WELLS: Precision 
Thermom. & Instru. Co. 

MERCURY COLUMN VACUUM GAGE & BAROM- 
ETER: Precision Thermom. & Instru. Co. 

TEMPERATURE RECORDERS: Leeds & Northrup 


Co 


DRAFT AND PRESSURE GAGES: J. W. Murphy 


Company. 
CO2 RECORDERS: J. W. Murphy Company. 
PRESS. REDUC, & DESUP. EQUIP.: J. W. Murphy 
Company. 
TURBINE ROOM GAGE BOARD: Central Arch. 
Iron Works. 
TURBINE OIL STORAGE TANK: S. F. Bowser. 
DISTILLED WATER TANK: Leader Iron Works. 
DucT worRK: Henry Pratt Company. 
GENERATOR AIR DUCTS—Unit 2: Henry Pratt 
Company. 
GENERATOR AIR DUCTS—Unit 5: Henry Pratt 
Company. 


SMOKE FLUES AND UPTAKES: Henry Pratt 
Company. 

MISCELLANEOUS STEEL AND IRON: Henry Pratt 
Company. 

INSULATION: Smith-Totman Co. 

INSULATION: Johns-Manville Sales Corp. 

SMOKE FLUE AND AIR DUCT INSULATION: 
Johns-Manville Sales Corp. 

SMOKE FLUE GUNITE LINING: Otto Randolph, 


ne. 

GENERAL BUILDING CONTRACTOR: Otto Ran- 
dolph, Inc. 

UNIT HEATER: Buffalo Forge Company. 

PRESS, REDUC. VALVE: J. W. Murphy Company. 

H. P. STEAM TO EXIST. PLANT DESUPERHEATER : 
J. W. Murphy Company. 

IND. PRESS. GAGES AND RECORDING: Consoli- 
dated-Ashcroft Hancock Co. 

EXTENSIONS TO ASH CONVEYOR: United Con- 
veyor Corp. 

MONEL METAL ORIFICES: Bailey Meter Co. 








is symmetrically and attractively designed and well 
lighted. 

Coal, mainly Illinois screenings, is delivered to the 
plant by truck to a concrete unloading platform at the 
top of the bluff from which it flows by gravity to 500 
ton capacity bunkers at the west end of the old boiler 
room as shown on the plan view. A horizontal conveyor 
moves it from these storage bunkers to a Richardson 
automatic electric coal scale located on the floor in the 
southwest corner of the old boiler room. After being 
weighed, another inclined conveyor carries it to the two 
new overhead coal bunkers in the new boiler room 
which have a capacity of 45 tons each. From these 
bunkers the coal feeds by gravity to the stoker hop- 
pers which are provided with Conical non-segregating 
coal distributors. 

The stokers are driven, normally, by squirrel cage 
motors through Reeves variable speed transmissions 
but an auxiliary engine drive is provided for emer- 
gency use. This consists of a 4 by 5 in. E. H. Wachs 
vertical center crank steam engine mounted alongside 
one of the stokers on the operating floor but so 
arranged that it can drive the other stoker through a 
line shaft mounted on the ceiling of the fioor below. 
The stokers are supplied with a separate source of 
overfire air, in the form of a single 400 ec.f.m. fan 
located in the basement, this fan supplying both boil- 
ers. The forced draft to each of the stoker compart- 
ments can be varied independently, permitting a wide 
range in capacity and efficient combustion with dif- 
ferent grades of coal. 

The selection of stokers for this plant was desirable, 
not only because they are well fitted to burn the coal 
used, but also because, with stokers, the fly ash nuisance 
would be reduced to a minimum, a highly necessary 
factor in a high class residential community. 

Forced draft is supplied by two fans, one for each 
boiler unit and located on the operating floor back of 
the boilers. The induced draft fans are located in the 
basement with the suction inlet directly below the out- 
lets of the air preheaters as shown in the cross section, 
Fig. 5. These fans discharge the gases into a horizontal 
breeching in the upper part of the boiler room from 
which in turn they are delivered to the stack. Both the 
forced and induced draft fans are motor driven, oper- 
ating at constant speed and with the combustion con- 
trol regulators acting on the fan dampers. 

Ash removed from the stoker ash hoppers in the 
basement is carried to an overhead ash hopper by 


568 


means of a steam jet ash conveyor which was ex- 
tended to include the new boilers in the 1937 construc- 
tion program. 

The general arrangement of the feedwater system 
is shown in Fig. 9. Water from the condenser hotwells 
is delivered by hotwell pumps associated with each con- 
denser through the steam jet air pumps, through a low 
pressure extraction heater associated with each turbine 
to a 75,000 lb. per hr. Hoppes deaerating heater. From 
this heater the boiler feed pumps pump the water 
through a high pressure extraction heater to the econo- 
mizer and then to the boilers. Three 6-stage boiler feed 
pumps are provided, each with a rating of 80 g.p.m. 
against a discharge head of 620 lb. per sq. in. Two of 
these units are motor driven while the third is turbine 
driven. These units are located on the condenser floor 
in the turbine room. The feedwater to the boilers is 
controlled by Copes feedwater regulators. 


THE TURBINE Room 


The arrangement of equipment in the turbine room 
is evident from the plan view of the station shown in 
Fig. 6. As already pointed out the three turbo-generat- 
ing units are set with their shafts parallel to each other, 
the new 3000 kw. machine (No. 5) occupying the cen- 
ter position. Between this unit and unit No. 4 to the 
west is a large open areaway providing light and air 
to the condenser floor below. 

The new generating unit is a 3600 r.p.m. Westing- 
house machine driving a 2400/4150 v., 3 phase, 60 cycle, 
alternator with direct connected exciter and served by 
a 4000 sq. ft. Allis-Chalmers surface condenser. 

Unit No. 4, also a Westinghouse unit, as provided 
for in the second step of the construction program was 
rebuilt to operate on 425 lb. steam pressure. It was 
installed in 1930 and originally designed for 220 lb. 
pressure .This unit is served by a 4700 sq. ft. Ingersoll- 
Rand condenser. 

The remaining generating unit, No. 2, was in- 
stalled in 1926 and was merely relocated and provided 
with a new surface condenser in the 1937 construc- 
tion program. It still operates on 220 lb. steam pres- 
sure. A desuperheater and pressure reducing station 
is provided for supplying the old 220 lb. system from 
the new boilers. 

The guaranteed performange data and other de- 
tails of these machines is covered in the accompanying 
list of equipment and need not be elaborated on here. 


POWER PLANT ENGINEERING 





Current is generated at 4000 v. and is delivered to 
a distribution system which consists partially of under- 
ground conduit and cable and partially standard over- 
head pole line construction. The 2 phase machine is 
connected to the system through a bank of Scott-con- 
nected transformers installed on the outside of the 
building. 

The general appearance of the plant is pleasing. 
In the new boiler room the stokers, boiler fronts, duct 
work, the forced and induced draft fans and the boiler 
steel work are painted with aluminum paint. The inter- 
ior walls are of red pressed brick. The floors, through- 
out the boiler and turbine rooms, are Kalman Finished 
conerete. A color code is employed in the painting 
of all equipment, piping, structural steel and switch- 
board equipment which not only aids in the identifica- 
tion of piping but presents a neat appearance. The 
ceiling of the turbine room and the new boiler room 
is covered with a ;*; in. Flexboard, fire proofing mate- 
rial, manufactured by the Johns-Manville Co. to com- 
ply with the rules of the insurance company for ob- 
taining a preferred risk policy. This resulted in a 
considerable saving in insurance premium. 

The construction work involved in this rehabilita- 
tion was completed well within the limits specified by 
the plans and at less than the original estimated costs. 
The total cost of the enlargement program as carried 
out during the period between 1936 and 1939 was 
$608,372.39. This was divided as follows: 


1. Building and structures $104,677.97 
2. Plant Equipment 
(a) Boiler Plant Equipment... 286,162.72 
(b) Electric Plant Equipment 217,267.44 


3. Shop Equipment 


$608,372.03 


The total cost of the entire plant enlargement proj- 
ect including improvements and additions to the water 
plant, was $711,995.29. This was a saving of $59,415.71 
from the estimate of $771,411.00 made by the consult- 
ing engineers. 

As a result of the improvements, the generating 
station now has a rated capacity of 7500 kw. and a total 
steam generating capacity of 138,000 lb. per hr. which 
should safely carry the load until at least the 1943 peak. 

In raising the steam pressure from 225 lb. to 450 
lb., the total temperature from approximately 500 deg. 
to 750 deg. F., an improvement of approximately 24 
per cent in operating efficiency was effected. The fuel 
consumption per kw-hr. output was reduced from 2.32 
Ib. in 1937-38 to the present value of 1.92. 


Total Power Plant 


SALE oF PowER 


The general policy of the Village, in the operation 
of this power system, is to maintain electric rate sched- 
ules which are on a par with the rates charged by the 
Public Service Co. of Northern Illinois to consumers 
in the neighboring towns and villages for similar serv- 
ice. In 1938 the Village made a rate reduction similar 
to that made by the Public Service Co. and this year, 
a further reduction in the rate was made, also in line 
with that of the surrounding utility company. Since 
1928, rate reductions have aggregated 60 per cent. 


CHICAGO, SEPTEMBER, 1939 


The average cost per kilowatt-hour sold during the 
fiscal year ending March 31, 1939, was 2.03 cents. The 
unit costs involved in this figure are interesting and 
are as follows: 


Cost 
0.55 cents 
0.17 cents 
0.11 cents 
0.03 cents 
0.07 cents 
0.01 cents 
0.23 cents 
0.62 cents 
0.15 cents 


Item 


Steam generation 
Electric generation 
Distribution 
Utilization 
Commercial 
New business 
ee rer ere 
Depreciation 
Distribution loss 
1.94 cents 
3% Utility Tax .09 cents 


Total cost per kw-hr. sold........ 2.03 cents 


These costs do not include interest on property invest- 
ment. 

The average rate paid for electric service for all 
classes of power for the same period was 3.56 cents 
per kw-hr. 

The average load factor on the plant for the year 
was 36.5 per cent. 

The book value of the plant on March 31, 1939, 
was $1,807,113. Deducting accrued depreciation of 
$283,903 leaves a net depreciated value of $1,613,210. 


With the exception of a few thousand dollars bor- 
rowed from the general village fund in 1900 when the 
electrtic generating plant was first established and 
which was subsequently repaid, the property has been 
financed entirely from earnings of the department with- 
out incurring bonded or other indebtedness. 

The plant is operated under the supervision of C. R. 
Miller, Superintendent of Water and Electricity, to 
whom we are indebted for his courtesy and coopera- 
tion in supplying data for this article. 


TRANSMISSION SYSTEMS which connect to trans- 
missions that cross state lines are subject to the 
jurisdiction of Federal Power Commission, according 
to a decision recently announced. This applies even 
though all lines of a utility company are in one state, 
if connection is made to lines of another company 
which transmit electric energy across a state boundary 
line. This gives the Commission power over stock 
issue and transfer as in the case of New Jersey Power 
and Light Co., which had acquired a block of Jersey 
Central Power and Light Co. without authorization 
by the Commission. 

The latter company owns and operates lines all 
within New Jersey but connecting at the Raritan 
River to lines of the Public Service Electric and Gas 
Co. which in turn transmits to Staten Island in New 
York. Jersey Central Power and Light Co. is, there- 
fore, ruled to be under jurisdiction of the Commission 
and acquisition of a major part of its capital stock 
without authorization of the Commission to be a 
violation of the Federal Power Act. 
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By use of characteristic curves, centrifugal 
pumps may be adapted to changed condi- 
tions without great reduction in efficiency 











Centrifugal Pump 


Characteristic Curves 


By K. B. HUMPHREY 


— operation of a given centrifugal pump 

is not limited to a single point. In fact this type 
of pump lends itself remarkably well to any change 
in operating schedule within quite wide limits, and 
consequently it is seldom necessary to discard a pump 
because it no longer meets the exact requirements for 
the new conditions. That is, any given sized cen- 
trifugal pump can be made to operate with fair 
efficiency at different heads or capacities by combin- 
ing the right speed and horsepower for the job. 


Data GIVEN ON CHARACTERISTIC CURVES 


The best way in which to get an understanding 
of just what can be expected of a centrifugal pump 
operating under different conditions is to make a 
study of the characteristic curves. A typical set of 
curves are illustrated in the accompanying illustration 
for a 10-in. pump. Similar curves can be obtained for 
any other pump though naturally they will not be 
identical. Each individual pump design will produce 
its own set of curves. Referring to the curve sheet, 
the curves marked with the r.p.m. from 725 to 1050 
(taken in steps corresponding to available motor 
speeds) show the relation of the total dynamic head 
in feet of water on the vertical scale against the dis- 
charge in gallons per minute on the horizontal scale. 
With a given constant speed the head drops off with 
increased capacity. The horsepower lines shown 
dashed are very nearly straight. The horsepower in- 
creases with an increase in head pumped against. 
The efficiency curves, superimposed on the same chart, 
are shown by a series of curves, the center one making 
a complete loop. It will be seen that there are two 
points on the discharge curves where the same effi- 
ciency may be obtained with different capacities and 
heads. For instance looking at the curve marked 
for 1050 r.p.m., an efficiency of 82 per cent can be 
obtained with a capacity of 3600 g.p.m. at 117 ft. 
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head or a discharge of 4320 g.p.m. at a head of 105 ft. 
The two points are marked with ‘‘X”’ and ‘‘Y’’. 


CHANGES IN HEAD 


To show how the same pump can be operated at 
different heads, take for example a pump required 
to deliver 3200 g.p.m. If the pump is operated at 725 
r.p.m. (point ‘‘A’’ on the curve) an efficiency of 80 
per cent could be obtained while pumping against a 
49 ft. head, and a 50-hp. motor would be required. 
The same identical pump (point ‘‘B’’ on the curve) 
operated at 860 r.p.m. would give the required delivery 
(3200 g.p.m.) against a 76 ft. head, taking 75 hp., 
and with an efficiency of nearly 84 per cent. In a like 
manner (point ‘‘C’’ on the curve) with the pump 
speeded up to 1050 r.p.m. the same pump will deliver 
3200 g.p.m. at 120 ft. head with an efficiency of about 
79 per cent. The horsepower required would be 
slightly less than 125. 

Similar points could be picked out for any capacity 
within the range of the pump, the range being limited 
by how low an efficiency figure the user would care 
to consider. In choosing a pump for a given set of 
conditions it will, therefore, be noted that, as there 
is a considerable range of high efficiency operating 
points, the choice may lie between several different 
pumps each one capable of giving good service. The 
characteristic curves can be changed by simply using 
a different type of impeller in the same casing. 

There can be considerable deviation in the exact 
type that is finally recommended to do the job. That 
is why it is important to take into consideration all 
of the factors which might influence the choice. One 
pump will overlap into the operating field of the 
next in size thus making room for arguments. The 
manufacturer, being perhaps the best informed on his 
own line of pumps, can give much information to the 
buyer. In any case it is a good plan for the purchaser 
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1050 R.P.M. 


Characteristic curves of a 10-in. 

centrifugal pump used to indicate 

how changes can be made in 

pumping conditions and the effects 

of these changes on other condi- 
tions 


TOTAL HEAD IN FEET 


to insist on having a set of characteristic curves such 
as the ones shown here for each pump. 


Capacity CHANGES 

Due to rearrangements or changes in production 
it is possible that different requirements are desired 
for a pump. With the characteristic curves available 
it is easy to figure out what can be expected under the 
new conditions. Take for example the pump whose 
characteristic curves are illustrated. Originally the 
pump delivered 3600 g.p.m. at a 92 ft. head using 
100 hp. It is desired to cut the capacity down to 
2400 g.p.m. at the same head. There are two ways 
in which this can be accomplished. The total head may 
be raised (that is, the pump may be throttled any- 
where in the discharge line), or the speed may be 
reduced. Without changing the speed the curve 
marked 950 r.p.m. is followed back until it crosses the 
2400 g.p.m. capacity line. This point is marked 83 
hp. That is, the horsepower required would be less 
and the head would have to be increased to 103 ft. 
by means of a throttle in the discharge line. 

This method would require no change in the motor 
or other operating conditions and would require only 
the simple expedient of partially closing a valve. The 
efficiency under the new conditions would be slightly 
above 74 per cent in comparison with the original 
figure of 84 per cent. If the speed is reduced to about 
900 r.p.m. the same capacity 2400 g.p.m. can be ob- 
tained with an expenditure of only 74 hp. The oper- 
ating position is marked (74 hp.) on the curve sheet. 
The efficiency would be 76 per cent instead of 74 
per cent. In this case, however, the motor would have 
to be changed or the speed reduced in some other 
way. If the pump happened to be belt driven, or 
driven by a gas engine, the reduction in speed could 
be easily accomplished and would prove a much more 
economical arrangement. 
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There is still another proposition which ought to 
be considered. That is, can the head be reduced in 
any way. If the head can be reduced the new capacity 
can be obtained by the expenditure of a lot less in 
horsepower. If the head can be reduced to 68 ft. and 
the speed to about 786 r.p.m., the required discharge 
can be obtained with about 53 hp. and the efficiency 
will be about 78 per cent. A curve is drawn through 
the 100 hp. mark and the 53. hp. mark showing how 
the pump would operate when changing both speed 
and head to obtain various reductions in capacity. 


It is always desirable to reduce the speed when a 
change in capacity downward is desired, and con- 
versely an increase in speed will give greater capacity. 
There are cases, however, where throttling can be 
used to advantage in reducing the capacity. For 
instance, consider a pump used in construction work 
where it is desired to vary the capacity to take care 
of seepage and only a constant speed drive is avail- 
able. Full capacity is needed the first thing in the 
morning to dewater the excavation as quickly as pos- 
sible, while later the flow can be adjusted to take 
care of the seepage. The efficiency is of little moment 
in such a case as long as the correct adjustment to 
capacity variations can be easily made. 

It is impossible to predict what changing condi- 
tions may make it desirable to alter the conditions 
under which a pump is operating. It is not always 
necessary to get anew pump. With the characteristic 
curves available it is possible to determine what can 
be expected of a given pump, the speed required, the 
capacity, the horsepower, and the efficiency. It also 
shows directly whether it is at all possible to adapt 
the given pump to a new set of conditions, and in 
that way may save a costly trial. It is a good plan 
to have a copy of the characteristic curves for each 
pump handy in the files. 
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ombustion Control 


Specifications 


Part Ill. Steam pressure, which depends on the proper balance between heat release 
and steam load, and furnace pressure, which depends on the proper balance of gas 
flow and air supply, serve as primary reference points by which automatic combustion 
control regulates the fuel and air supply to the furnace. 


By 


RICHARD H. MORRIS 


Engineering Editor 


UEL SUPPLY might conceivably be handled as 

a single operation from the initial storage to the 
furnace. For simplification and convenience in con- 
sidering the control, however, it is best split into 
two parts: from the initial storage to the bunker or 
intermediate storage; and from the intermediate stor- 
age to the furnace. While both are important from 
the standpoint of boiler operation, automatic com- 
bustion control is directly concerned only with the 
second and presupposes that fuel is available in such 
a way that its flow into the furnace can be controlled 
with accuracy and reliability. 

The first step, may be either manually, automatic- 
ally or remotely regulated independently of the com- 
bustion control but is not usually critical and the 
arrangement used depends primarily upon the fuel. 
Coal conveyors are normally motor operated and re- 
motely controlled. They should be interlocked so 
that they must be operated in the proper sequence 
and the eapacity of conveyors and bunkers is nor- 
mally such that only intermittent operation is needed. 
From the bunkers or hoppers the coal flows by gravity 
to the stokers or pulverizers as needed. If the bin 
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Fig. 2. Gas comes closest to being the ideal fuel and is being used 
as boiler fuel to an increasing extent as the network of natural 
gas pipelines grows. The control is relatively simple and both the 
gas and air are subject to quite accurate measurement. With either 
natural or forced draft the gas and air flows are functions of the 
respective pressure differentials across the burners and wind boxes 


1—Gas header pressure—Held constant by self-contained auto- 
matic pressure reducing valve. . 

2—Gas pressure to burners—Regulated automatically by com- 
bustion control in accordance with load. Manual control 
valves, 2A, used to divide gas flow between individual burners 
as desired. 

3—Air flow—Regulated automatically by combustion control, see 
Fig. 1. (Page 510 August issue.) Manually operated louvers 
3A give control of air flow and turbulence to individual burn- 
ers as needed by setting of valves 2A. On small natural draft 
boilers simple controls sometimes move these louvers auto- 
matically to control the air flow. 
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system of pulverized coal is used, the pulverizers are 
operated at constant load intermittently and inde- 
pendently of the rate of firing so need no connection 
with the combustion control which is concerned only 
with the feed from the pulverized coal bin. 

When fuel oil is used, the arrangement is funda- 
mentally the same but the equipment, pumps and 
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Fig. 3. Oil is not quite as simple to burn as gas for the rate of 

flow through the burner and complete combustion depend upon 

close control of the viscosity through temperature. Fuel flow is 

controlled by varying the pressure ahead of the burner. When 

steam or air is used for atomization it is usually proportioned to 
the oil flow by the control mechanism 


1—Oil temperature—Held constant by self-contained thermo- 
static regulator, 1A, controlling steam flow to heater. 

2—Oil Pressure at Burners—Controlled automatically through 
control valves 2B or 2F, depending on type of burner. Pres- 
sure ahead of pump held constant by a self contained regu- 
lator 1B varying the pump speed, or with a constant speed 
pump, by passing the excess oil through the spring loaded 
relief valve 2C. The oil temperature is held constant by a 
thermostatic regulator 1B controlling the steam flow to the 
heater. With pressure atomizing burners which use all the 
oil supplied to them, and with steam atomizing burners the 
automatic control regulates the steam pressure at the burner 
by valve 2B. With air or steam atomization valve 2E is 
controlled by the same regulator and in conjunction with 
control valve 2B. Pressure or mechanical atomizing burners 
which use only a portion of the oil supplied and return the 
balance have several methods of control, three of which are 
shown by the dotted lines. The simplest is to omit valve 2B 
and control the return pressure by valve 2F. This same con- 
trol can be used with an independent control valve 2G which 
maintains a constant pressure differential across the burn- 
ers. Another arrangement uses a return pump 2H which 
maintains a constant pressure differential across the burn- 
ers. In this case valve 2B is used for control purposes. Manu- 
ally operated valves 2A and air registers 3A on each burner 
allow adjustment of air and fuel on individual burners as 
with gas and pulverized coal, 

3—Air flow—Regulated automatically by combustion control. 
see Fig. 1. (Page 510 August issue.) Vanes 3A give manual 
control of air flow and turbulence to individual burners. 


heaters, is different and operates continuously. Oil 
temperature is maintained automatically by a ther- 
mostatic regulator independently of the combustion 
control system and arranged’ to control the steam 
flow to the heater. Variable speed pumps are usually 
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Fig. 4. Because ot the equipment used the problem is more involved 

for pulverized fuel firing and is usually handled by a combination 

of manual and automatic control. This involves pressures, tempera- 

tures and flows. A large variety of mills and feeders are used, each 

with distinctive features. The drawing above is a composite of the 

features of all makes and the control points indicated are not 
’ common to all 
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1—Raw coal feed—Automatically controlled through speed or 
position of feeder by: automatic combustion control or inde- 
pendently by an integral controller from: mill level; pressure 
at outlet of mill; pressure differential across mill; mill motor 
input; or noise level. . 

2—K'uel feed—Regulated automatically by combustion control 
through damper 2A, damper 2B, raw coal feeder or a com- 
bination of damper and feeder. 

3—Air flow—Automatically controlled, see Fig. 1. (Page 510 
August issue.) Manual control of air and turbulence to each 
burner by vanes 3A as with gas and oil. 

4—Mill inlet pressure—May be, and on some mills is always, 
automatically controlled but in most cases it is done manu- 
ally by damper 4A. 

5—Drying air temperature—May be automatically controlled by 
an independent controller but usually done manually by ad- 
justment of dampers 4A and 5A. Tempering air may come 
from atmosphere or discharge of forced draft fan. Hot drying 
air or gas may come from the air heater, air cooled walls, fur- 
nace, breeching or an intermediate pass of the boiler. 

6—Carrying air inlet-—Sometimes used to give uniform pressure 
at primary air fan suction and uniform velocity through 
pipes. Dampers 6 may have springs or counterweights so 
that they open automatically to maintain a given differen- 
tial, may be manually controlled, or operated automatically 
in conjunction with control damper 3 

7—Hot air bypass around mill—Sometimes used with pulveriz- 
ers, which normally take most of the air for combustion 
through the mill. Manual change of damper 7A used to take 
care of varying drying and combustion air requirements of 
different coals and also to decrease the pressure differential 
across the mill, especially important in increasing the air 
flow through air cooled walls. When hot air is not involved 
damper 6 gives the same regulation of air through the mill 
as damper 7A. 


controlled by an independent regulator so as to main- 
tain constant oil pressure in the supply system. 
While not universal, it is considered good practice to 
have the oil circulation in the supply system in excess 
of the combustion needs, with the excess recirculated 
continuously through a bypass so as to maintain a 
uniform temperature at all burners regardless of load 
and piping radiation losses. 

The bypass valve is usually either of the spring 
loaded relief type or a valve manually operated to 
give the required recirculation. When the oil supply 
pumps are driven at constant speed, the pressure in 
the supply system will vary with the steam load and 




















with the opening of the bypass valve. In this ease the 
bypass valve is a practical method of varying the oil 
pressure at the burners, that is the rate of fuel feed 
to the furnace. As such it becomes a convenient 
point of application for the automatic combustion 
control. In this case the bypass line may be made a 
return line from the burners in order to minimize the 
length of dead end pipe to burners which are not 
in operation. 

Gas is somewhat different in that storage is seldom 
provided and the gas is taken from the supply line 
through an automatic self contained pressure reducing 
valve which maintains, at all steam loads, a nearly 
constant gas pressure in the plant header. The ab- 
sence of storage makes a standby fuel advisable with 
gas firing. Oil, pulverized coal and stokers are all 
used for this purpose, the first being the most popular 
because of its simplicity. 


THE Bastc ComBustion Controu TRINITY 


Primarily the problem of automatic combustion 
control reduces to a detailed consideration of three 
things, which, for the present and without consider- 
ing the fuel or order of procedure, can be taken as 
the automatic: 

1. Supply of fuel and air to the furnace in accord- 
ance with the steam load so as to maintain the 
steam pressure at the desired value. 
Maintenance of the ratio of fuel and air to the 
furnace so as to give the maximum practical 
combustion efficiency and desired excess air. 
Control of the desired furnace pressure by a 
proper balance between the flow of gases of 
combustion from the boiler and the supply of 
air to the furnace. 

When more than one boiler is involved, the con- 
trol must do these three things for each boiler and 
in addition divide the total steam load between the 
different boilers. Obviously all three of the primary 
functions are inter-related and serve as a connecting 
link between different parts of the control which 
usually have no direct connection. For instance the 
furnace pressure regulator usually operating inde- 
pendently ‘or without direct connection to the other 
regulators has the responsibility of keeping a balance 
between the air supply and gases of combustion and it 
may do this either by regulating the induced draft 








Fig. 5. Automatic stoker control is usually limited to the speed, leaving fuel bed adjustments to be handled manually by the operator. 

With a chain grate or underfeed stoker the rate of combustion is determined largely by the rate of air supply and only to a minor degree by 

the momentary rate of coal feeds that a slight delay in the latter is often permissable. This is not entirely true of the sprinkling or spreader 

stoker Fig. 5D, which burns a considerable portion of the fuel in suspension and a portion on the grates, thus combining the features of both 

pulverized coal and stokers. Here the rate of coal feed must be more closely proportioned to boiler load by means of a feeder as in the 

case of pulverizers. Small stokers of the single retort type, 5C, with either ram or screw feed are often built for constant speed operation 
with an “on and off" control of both stoker and fan from operated by pressure or temperature 


1—Fuel feed—Stoker speed (or length of feeder stroke Fig. 5D) 
controlled automatically by combustion control. 

2—-Fuel bed—Shape and thickness of fuel bed controlled manu- 
- = adjustment of rams or feed gate depending on type 
of stoker. 

3—Air flow—Regulated automatically by combustion control, 
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see Fig. 1. (Page 510 August issue.) Pressures to individual 
zones manually controlled by dampers such as 3A of Fig. 5A. 
Forced draft chain grate stokers often have six different pres- 
sure zones. 

4—Overfire air—Manually controlled; supplied by steam jets, 
from forced draft ducts or separate blower. 
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or forced draft. 
is responsible for the first two functions, regulating 
the fuel and air in the proper proportion to each 
other and to the steam load. 


The balance of the control system 


While the principle by which this is accomplished 
depends upon the type of control system, the auxilia- 
ries and whether the fuel is burned in suspension or 
in a heavy fuel bed, for all practical purposes the 
final results are the same, provided of course that the 
equipment is properly installed and adjusted. Gas, 
oil and pulverized coal are burned in suspension and 
the fuel and air must be changed simultaneously. With 
some arrangements this may introduce minor compli- 
cations. For instance with direct fired pulverizers 
the lag of the fuel from the feeder through the mill 
to the furnace may be 10 to 30 sec. and with certain 
types of mills a time delay in the air supply control 
system is imperative for rapidly changing loads. 

During the change an excess, rather than defi- 
ciency, of air is desirable because a momentary loss 
in efficiency is preferable to the same loss but with 
smoke formation. Time delays are arranged so that 
the air change precedes the fuel change for increasing 
loads and follows the fuel on decreasing loads. Beyond 
this there is no uniformity in practice and the fuel flow 
may be varied by the combustion control with either 
the induced draft or forced draft. Due to the high 
velocities of the gases through the boiler, both air and 
gas regulators move practically simultaneously unless 
a time delay is introduced by some type of variable 
speed drive. 

In some cases both the air and fuel can be metered 
quite accurately and these metered indications used to 
maintain the desired fuel air ratio. In other cases 
calibrated positioned devices must be depended upon 
with corrections made automatically or manually by 
combustion indicators such as the COz or steam flow- 
air flow meters. Details of the methods used in each 
case to maintain the fuel-air ratio vary with the make 
of the combustion control system. 


FuEL To FuRNACE 


Actual regulation of the fuel feed to the furnace 
by the automatic combustion control depends upon the 
auxiliary equipment and on the fuel. As might be 
expected gas is the simplest as the combustion control 
need move only a control valve, regulating the gas 
pressure at the burners. Oil is almost as simple and 
the pressure at the burner is commonly regulated in 
one of two ways, either by throttling the pressure 
from a constant pressure, constant temperature supply 
system, or, by regulating a bypass, recirculation or 
return oil valve. When mechanical or pressure 
atomization is not used the automatic control must be 
extended to regulate the atomizing medium, either air 
or steam, in parallel with the oil flow to the furnace. 

When pulverized fuel firing, the direct or unit 
system is most widely used with the mill and primary 
air fan driven at constant speed. While the air flow 
through, the inlet pressure, and the pressure differen- 
- tial across, the mill have a definite bearing on per- 
formance, the combustion control problem is directly 
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concerned with only a few of these variables. Auto- 
matic control of mill inlet air pressures and tempera- 
tures is entirely practical, but is the exception rather 
than the rule for manual control is usually adequate. 
The combustion control, therefore, is usually con- 
cerned only with the coal feed, either through the 
raw coal feeder, through a damper in the primary air 
duct, through a damper in the duct carrying the coal- 
air mixture from the mill or a combination of damper 
and raw coal feed. The control arrangement is deter- 
mined quite definitely by the make of mill and feeder. 


STOKERS 


With the sprinkler or spreader stoker a consider- 
able proportion of the total coal is burned in sus- 
pension and the coal feed must follow the steam load 
very closely in parallel with the air flow. A recipro- 
cating feeder of the variable stroke type is commonly 
used with the length of stroke, and consequently the 
fuel feed, regulated by the combustion control. 

Other types of stokers carry a heavier fuel bed 
and the need for instantaneous parallel change of fuel 
and air is not so great, for the heat release is affected 
instantaneously by changes in the air supply, but not 
appreciably for some time by changes in the fuel feed. 
The air supply must, therefore, follow the steam load 
changes promptly. Although the effect of change in 
the rate of fuel feed on combustion is not so critical as 
to time, the automatic control acts immediately to 
change the stoker speed and bring the coal feed in 
agreement with their supply and steam load. 

Automatic control of air and flue gas is accom- 
plished through dampers, changing fan speeds or a 


combination of both, and the details depend on the 


auxiliaries and drives. Speed change may be through 
a steam throttle valve, motor controller or speed 
changer of some kind. 

Actual movement of the dampers, valves, control- 
lers, hydraulic or mechanical speed changers, etc., 
used for regulation of air, fuel or flue gas, is accom- 
plished by power operating units which are controlled 
by, and may be built separate from, or integral with, 
the regulator proper. Three types are in general use: 
diaphrams operated by air or water under pressure; 
eylinders with pistons operated by air, oil or water 
under pressure, and electric motor operated units. 

(To be continued ) 


SPEAKING from our own experience, I can say that 
every considerable expenditure of money for new and 
improved labor-saving machinery has had as its in- 
evitable corollary an increase in employment in our 
shops. One year, when we spent $4,000,000 for ma- 
chinery, our employes increased by 20,000 and our 
payroll by $48,000,000. Another year, when we spent 
$9,000,000 for machinery, our employes increased by 
40,000 and our payroll by $88,000,000. And so it has 
gone.—Henry Ford. 


Merats bob up in unexpected uses in modern in- 
dustry. Monel metal for pails to reduce bacteria in 
poster paste and nickel to eliminate taste and odor 
in processing cod liver and caster oils are examples 
in the aseptic field. 
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Public Relations 
Start at Home 


Interviews and Question- 
naires Used in the Cultiva- 
tion of employee good will. 


N ANY organization, the object of Public Relations 
activity is to promote welfare of the industry. This 
means good will of the organization and of customers, 
the latter being to a considerable extent dependent on 
the former, because of the altitude of employees toward 
the organization and their influence with the public. 
The logical point to start good public relations is inside 
the organization by cultivating employee good will and 
satisfaction. 

One essential to improving employee good. will is to 
know the present attitude of workers toward the policy 
and the methods of the management. To secure this 
knowledge requires tact and a procedure governed by 
friendly desire to get at the workers’ real knowledge 
of and feeling about such policy and methods. Two 
methods are available and have been used; first, the 
personal interview, either casual and informal by minor 

-or major executives, and the controlled interview in 
which a carefully selected list of subjects is discussed, 
comments by the worker being invited or specific ques- 
tions asked; second, the questionnaire, in the form of 
a check list with multiple-choice answers to be checked, 
or an attitude test of statements about policies and prac- 
tices with which the worker can agree or disagree, or a 
combination of both check list and attitude test. 

Friendly interviews, in which the interest of man- 
agement in workers and their welfare can be made 
evident are most effective, but require tact, sincerity and 
the wish to listen and learn. Most foremen and plant 
executives use this method to some extent, but often 
without definite plan of procedure so that no records 
or definite analyses of worker attitude is secured. Such 
interviews are of greatest value in improving morale, 
but results should be evaluated and reduced to a 
record, including suggestions which may be received 
as to improvement or personnel methods and working 
conditions. 

The guided interview has the advantage of a 
definitely planned line of investigation and recorded 
answers, but the formality will put the worker on guard 
to avoid saying anything that he feels will react to 
his disadvantage, so may not get as true a picture 
of his attitude as an informal interview. Subjects 
for discussion and questions to be answered must be 
carefully selected to get the information desired and 

to relieve any apprehension that the worker may have 
’ about expressing his real thought and feeling. 
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Another objection to the guided interview is the 
time required, which makes it expensive to interview all 
workers, hence a representative sample list must usually 
be selected which may not correctly represent the whole 
body of workers. Since informal interviews are 
usually casual, in the course of daily work contacts, 
they are more likely to include the thought of all 
workers or at least to be more nearly representative 
of their attitude than guided interviews with a selected 
list. 

Use of a questionnaire and attitude test to be filled 
out anonymously by each employee, giving only sex, 
length of service, kind of work, and wage classifica- 
tion, should invite frank answers, give recorded results 
that can be classified and analyzed, and prove most 
instructive as to workers’ knowledge and thinking, 
and probable ways of improving morale. 

Questions should deal with fundamental policies and 
have multiple-choice answers to be checked. Such as: 


If business is bad, should the company 

1. Cut working hours and share the work ...... 

2. Lay off some and give more work to the rest ...... 
3. Reduce salaries and wages ...... 


If business gets seriously bad, in what order should 
retrenchment steps be taken? Please mark 1, 2, 3, 4, 5, 6. 


Reduce salaries 

Cut sales promotion expense 
Reduce working force 
Reduce operating time 
Reduce wages 

Cut dividends. 


These are samples only. Other questions should 
cover: Knowledge of and Information Desired about 
Company Affairs; Methods of Advancement; Wage 
Payment and Bonuses or Incentives; Methods of Hir- 
ing and Lay-off; Feeling about Working Conditions; 
Method of Handling Grievances. 

In the Attitude Test the object is to ascertain the 
knowledge and the feeling of workers as to company 
policies, working conditions, fairness of wage payment 
and other matters affecting morale. A considerable list 
of statements should be included, both favorable and 
unfavorable to the company and its personnel practices, 
and workers asked to check those with which they 
agree. 

It has been found desirable to have questionnaire 
and attitude test taken a department at a time, on 
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Evening and Night 
Fig. 1. Morale Classification of Classes of Employees 
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company time, with full protection of anonymity and 
no supervision of workers while answering. 

Some statements which have been used are: 

I am made to feel that I am really a part of the 
organization. 

I can feel reasonably sure of holding my job as 
long as I do good work. 

I think training in better ways of doing work should 
be given. 

I can usually find out how I stand with my boss. 

I don’t get any chance to use my experience. 

On the whole I think employees are treated fairly. 

I think many employees would leave the organiza- 
tion if they could get as good jobs some other place. 

I have never understood the company’s personnel 
policy. 

I cannot find out how I stand with my boss. 

I think the company’s policy is to pay as low wages 
as possible. 

In framing attitude test statements, leading ques- 
tions that would tend to control answers should be 
avoided, also direct questions as to satisfaction with 
present wage rate. The subjects of statements should 
be chosen to indicate the satisfaction or discontent of 
workers with conditions, policies and methods, so as 
to determine his mental attitude and morale. 

Having the answers and check lists, they can be 
tabulated by sex, length of service and earnings to 
show the employee attitude of the classes of workers. 
This, in turn, should show where there is need of 
change in policies and methods to improve employee 
attitude. 

Various methods may be used of evaluating results. 
One system is to give each statement of the attitude 
test a scale value, based on its importance in determin- 
ing morale. For instance, on a scale value of 100 for 
each statement, organization feeling may be 97, job 
security 83, company treatment 66, experience utility 
32, low pay policy 1 and others accordingly. Total of 
scale ratings of items checked divided by number of 
items checked would give the morale rating as a per- 
centage and average of these ratings for any classifica- 
tion will give the rating for that classification. In a sur- 
vey on 1000 workers in factory and office, the morale 
for men showed higher than for women, for salaried 
employees slightly higher than for hourly wage workers, 
for higher earnings workers higher than for lower earn- 
ings. (See Fig. 1.) 

Study of returns showed that supervision and lead- 
ership were the most important factors affecting morale, 
that the feeling that pay inequalities existed was the 
most outstanding cause of dissatisfaction, that the 
wage incentive system was disliked, that work sharing 
was favored, that fairness of promotion policies was 
questioned although a large percentage of workers did 
not understand the company’s personnel policies, and 
that an annual report to employees on company con- 
ditions was favored. 

Information desired in the report was, amount of 
yearly business, amount of profits, amount paid in divi- 
dends, executives’ salaries, addition to surplus, what 
departments are doing. (See Fig. 2.) While much 
of this information had been furnished, but few em- 
‘ployees remembered profits shown for the preceding 
year. Misconception was widespread as to the com- 
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pany’s policy regarding organized labor, although a 
quarter of the workers did not undestand what ‘‘col- 
lective bargaining’’ is 

Changes evidently needed were better education 
of employees as to finance, operation and personnel 
policies to improve understanding of wage, salary, 
hiring and lay-off administration and to give confidence 


in the company’s fair intentions. Indications were 
that department managers had been ‘‘passing the 
buck’’ to higher executives in the matter of refusing 
pay increases, in order to keep down departmental ex- 
penses. All these were of importance as affecting 
employee attitude and morale and results gave a basis 
for future action. 

In carrying out the survey, best results were ob- 
tained when the tests were given on company time 


VZZLANOURLY WORKERS 
ane WORKERS 


Amount of business 
company is getting 


Amount of profits 
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Amount paid in 
dividends 


Salaries paid to 
executives 





Amount put into 
surplus each year 








What other depart- Wt LILA ** 35.3% 
ments are doing RRR Ll 3 
None of the above 62% 
81.5% 
Fig. 2. Information desired by employees 


by departmental groups, the purpose of the test being 
frankly explained, anonymity carefully preserved and 
no immediate superiors participating in the test. Em- 
ployees dropped the filled out blanks into a ballot box 
and, in one ease all analyses were made by an outside 
consulting firm, the management of the company seeing 
only the summaries of analyses, the grievances and the 
suggestions for betterment which were made by workers 
on a blank page of the attitude test. This system gives 
epportunity for each employee to express himself freely 
as to present methods, to offer suggestions for improve- 
ment and to get any grievance before the management 
with no chance for his frankness to affect his relations 
with major or minor executives. 

Success depends, of course, on care and discrim- 
ination in framing questions and attitude statements 
and on tact in conducting the tests. In no case where 
tests were properly conducted have labor difficulties 
arisen as a consequence and the tests have been found 
helpful in promoting organization good will. 

For many of the ideas of this article and for illus- 
trative examples we are indebted to a paper by Harold 
B. Bergen, of McKinsey, Wellington & Co., published 
by National Industrial Conference Board. 
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Measuring Diesel 
Engine Performance 


Oscillographs and sensitive pick-up devices 
make it possible to learn what actually occurs 
in all parts of an engine during operation 





EVELOPMENT of electric measuring technique 

allows new methods of investigation to be used 
in Diesel engine design. Investigation of the processes 
taking place within the engine can be made when pres- 
sure fluctuations and movements can be recorded 
quantitatively with reasonable accuracy. This can be 
done with oscillographic measuring equipment which 
consists of three distinct units: the electric trans- 
mitters; amplifiers; and oscillograph proper. The 
Siemens-type oscillograph used for the following 
experiments by Sulzer Brothers at Winterthur, Switz- 
erland, can simultaneously record six operations. The 
manifold uses to which this apparatus may be put can 
best be seen from some of the measurements made in 


Fig. |. Movement of the cylinder head: 

c indicates dead center, a is the vertical 

component and b the horizontal com- 

ponent at right angles to the cylinder 
axis 





the Sulzer Works on single-cylinder experimental 
engines. 

_ In all the oscillograms the upper dead center of 
the engine was marked by a deflection on the line at 
the top of the oscillogram (see for example d of 
Fig. 4), which was obtained as follows: A shallow 
hole of 10 mm. diam., drilled on the periphery of the 
shaft, moves past a stationary spool of the same 
diameter, the spool and the hole being opposite each 
other at the moment the piston is at the upper dead 
center. The spool is at the same time the oscillating 
coil for a high-frequency cathode ray tube generator. 





Fig. 2. Oscillogram a, shows the movement of the piston at right 
angles to its axis and to the axis of the crankshaft, b, is the gas 
pressure in the cylinder 
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The high-frequency amplitude is varied by changing 
the distance between the spool and the iron. 

This high-frequency current is rectified and the 
rectified current recorded on the oscillograph shows 
the change in amplitude at the moment when the hole 
in the shaft fans the spool. Figure 1 shows the move- 
ment of the cylinder cover, both vertically and hori- 
zontally at right angles to the crankshaft. Figure 2 
shows the lateral movements of the piston at no load, 
the gas pressure in the working cylinder being also 
shown on the same diagram. 

With high-frequency coils about 30 mm. in diam- 
eter, movements can be recorded without having to 
fix anything to the object where movement is to be 
measured. The movement can be magnified up to 
100 times and the oscillogram will give a record 
accurate to within about 2 mm. (i.e. about 0.02 mm.). 
The coil is preferably fixed to a micrometer screw, 
with which the apparatus can be calibrated so that 
an accurate record can be obtained independent of the 
amount of amplification. 





Fig. 3. Arrangement for measuring, and 
oscillogram of, the bending of the piston 
crown caused by gas pressure: a, piston 
crown; b, steel plate; c, high frequency 
spool in water tight case; d, plate fixed to 
piston rod. The scale p is in kilograms 
per sq. cm. (1 kg. per sq. cm. equals 
14.22 Ib. per sq. in.) 
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For the measurements of Fig. 1, a cast-iron weight 
was suspended from a crane by a spring and rope above 
the cover, while a high-frequency coil, firmly connected 
to the cover, was placed opposite to the surface of the 
weight. The coil in this case was not connected to a 
micrometer screw; as with the swinging weight, cali- 
bration could not have been made accurately in that 
way. To allow of accurate calibration of the records, 
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Fig. 4. Arrangement for measuring, and pres- 
sure behind, the piston ring; A, permanent mag- 
net; B, induction coil; C, steel diaphram; D, 
pressure connection with transmitter; a, pressure 
behind piston ring measured by scale p in kg. 
per sq. cm. (see Fig. 3); b, gas pressure in cy 

inder; c, calibrating curve; d, dead center 
























means were provided by which the spool could sud- 
denly be displaced by exactly 0.5 mm. 

In a similar manner, the movements of the piston 
relative to the liner and at right angles to its axis were 
recorded while the engine was running. The spool was 
fixed on the eylinder opposite to a final line of the 
piston skirt and was calibrated in the manner 
described above. 

Investigations on piston deformation during serv- 
ice led to measurements being made of the bending 
of the piston head. As shown in Fig. 3 the change of 
distance between the upper end of the piston rod end 
and the face of the piston bend was measured with the 
help of a high-frequency spool, which was made 
watertight as it had to be arranged in the cooling 
space. The bending caused by the working pressure 
gave a diagram similar to the gas pressure diagram. 

Circulating cold water round the spools had no 
influence on the electric conditions. With hot water, 
on the other hand, there was a slight displacement of 
the zero line, but no change in sensitivity. This tem- 
perature effect was compensated by heating the 
calibrating micrometer spool with the warm piston 
cooling water. 

For measuring the variation in pressure in the 
grooves behind the piston rings, six inductive trans- 
mitters for pressure records were fitted in the upper 
part of the piston, Fig. 4. The steel plate C is bent by 
the gas pressure. The permanent magnet A generates 
a magnetic flux through the casing and the steel plate, 
and this is modified by the air gap between the plate 
and the magnet. Alteration of the air gap causes a 
change in the magnetic flux, which generates an 
induced current in the spool B. Pressure variations 
behind the ring are shown by Fig. 4. 5 

Quartz indicators were also used to observe the 
scavenging process and to examine the leakage past 
the piston ring. In the diagram in Fig. 5 the scale 
of the pressures is linear from the atmospheric line 
b up to a pressure of about 0.8 kg, per sq. em. Beyond 
1.5 kg. per sq. em. the amplifier becomes inoperative. 


Fig. 5. Diagram of 
scavenging process: 
a, dead center; b, at- 
mosphere line; p, 
calibration point at 
0.5 kg. per sq. cm. 
pressure 

















Improvements in 
Refrigeration Compressors 


UMMARIZING the improvements of the last few 
years, the following have been the principal points 
of advancement in refrigeration compressor design. 


1. Through the use of lighter and better designed 
reciprocating parts, and more modern and efficient 
types of bearings, considerably higher rotative speeds 
with consequently greater capacities have been attained. 
The limit of speed has by no means been approached. 
Further advancement along this line unquestionably 
will follow. 

2. The elimination of the old stuffing box and its 
replacement by the modern metallic gas seal and crank 
case closure. 

As these metallic seals have reached a high degree 
of perfection at this time, little advancement can be 
expected along these lines unless it be to hold the 
same degree of efficiency with a cheaper manufactur- 
ing cost. 

3. There has been a decided improvement in crank- 
shaft construction. Shafts have been shortened, main 
bearings given a wider margin of safety, and the need 
of long overhanging bearings eliminated by the use 
of roller bearings as outer guides and additional sup- 
ports to the main bearings. 

4. The use of removable bushings in all parts of the 
compressor, even going so far as to the use of replace- 
able alloy cylinder liners. 

5. Use of large area, low lift, lighter valves. 

6. Reduction of gas speeds due to the increase of 


‘valve area, as the later type of valve has reduced 


velocities down to around 4500 ft. per min. or lower. 
Considerable increase in speed can be obtained before 
valves will again have to be improved. 

7. Improved lubrication wherein the more improved 
conventional compressors are using a double forcefeed 
lubricating system. 

8. By means of better lubrication and improved 
general construction, horsepowers have been some- 
what reduced, but there is still some room for im- 
provement at this point. 

9. While considerable improvement has been made 
in design of horizontal compressors, they have not been 
so numerous as in the verticals for the reason that many 
of the problems of vertical design are not inherent in 
the horizontal. The horizontal type is still a modern 
type.—H. C. Guild before the A.S.R.E. 


THE contract for a 150-ton modern incinerator 
for the City of Austin, Texas, was awarded last year 
to the Tips Engine Works of the same city. Naturally 
special consideration was given to the selection of ma- 
terial for the grates in this installation, which have to 
withstand the inevitable tendency toward warpage, 
growth and scaling which performance of this type 
involves. Cr composition was modified to call for 1.50 
per cent nickel and 1.00 per cent chromium, and the 
same material was used for the framework. The latter 
had to have a number of holes drilled in it, and the 
alloy iron machined readily. 
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Part IV*. Operating Cycle, Auxiliary System, and Auxiliar 

Equipment are the principal topics of discussion in this install- 
ment of the five-article series being published on the Delray 
Plant. Detailed conditions that led to the choice of the 
operating cycle are given, as well as an explanation of varia- 
tions in auxiliary conditions that may take place with changes 
in load and operating schedule. 


High-Pressure Extension of Detroit Edison's 


DELRAY PLANT 


By 
MAX W. BENJAMIN 





Engineering Division, 
The Detroit Edison Co. 


HEN ceentral station engineers undertake 
the design and construction of a new power 
plant every effort is made to produce a 
plant combining satisfactory _ reliability 
from the public service point of view, high 
commercial efficiency, and a layout which makes 
‘foperation convenient for the operating force 
so that they will operate willingly and cheerfully and 
get the best they can out of it.’’t To achieve this 
result it is necessary to take into account the invest- 


Fig. 61. General view of 75,000-kw 

Unit 14 from condenser room 

floor, showing turbine - exhaust 

hood, condenser, steam-extraction 

lines and two high-pressure feed- 
water heaters 
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ment and thermal efficiency of the proposed design, 
the probable cost of fuel and labor, present and prob- 
able future load factors, system heat rate and so on. 
Reliable equipment must be used and the plant layout 
must be convenient to facilitate operation. 

For many years Detroit Edison engineers have 
favored the regenerative cycle without reheat. Steam 





*Part I was published in March, Part II in May, Part III in 
July, and Part V will appear in November. 


7 “Some Public Service Papers’ by Alex Dow, p. 414. 
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is used at pressures as high as the permissible oper- 
ating temperatures will allow with a conservative 
amount of moisture in the turbine exhaust. The now 
completed experimental operation of a 10,000-kw unit 
at 1000 F in Delray PH 3 contributed a large measure 
of data to the industry as a whole and pointed the 
way for the present widespread use of steam at tem- 
peratures of 900 to 950 F. 

This fourth installment of the series discusses the 
operating cycle adopted for the Delray Extension, 
the plant auxiliary system, arrangement and drive 
of feedwater pumps, feedwater heaters, evaporators, 
and condensers and their auxiliaries. 


Delray Plant 





Operating Cycle 


OTH SECTIONS of Delray PH 3 operate on the 

simple regenerative cycle, with a 10,000-kw super- 
posed unit operating between sections. Details of the 
pew 75,000-kw main turbines together with a discus- 
sion of the selection of initial steam conditions of 815 
psi g 900 F were given in the March issue of PowEr 
PLANT ENGINERRING. 


Main TurBo-GENERATORS 


In the older section the 50,000-kw units bleed steam 


to four stages of feedwater heating, producing a final | 
feedwater temperature of 341 F at rated load. The 


new machines also bleed to four stages of feedwater 
heating, but in keeping with the higher initial pres- 
sure the final feedwater temperature has been stepped 
up to 388 F at rated load. Figure 62 is a flow diagram 
of the operating cycle in the plant extension. 


H-P TURBINE 9 STAGES 
4000 R.P.M. 








The 75,000-kw turbine has a total of 17 stages. Se- 
lection of the stages for feedwater heating was deter- 
mined by a study of six different bleeding arrange- 
ments. Three of these involved extraction from three 
stages plus an evaporator-vapor condenser, while the 
other three each assumed four extraction stages. 
Among these arrangements the calculated heat rates 
differed by some 50 Btu per kw-hr leading finally to 
the selection of the 4th, 7th, 10th, and 13th stages for 
extraction to four stages of heating. 

As indicated in the flow diagram the leak-off steam 
from the high and low-tooth labyrinth shaft packing 
is discharged to the 7th and 13th-stage heaters while 
the leakage from the inner and outer glands on the 
eontrol-valve stems goes to the 4th and 138th-stage 
heaters respectively. The leak-off line to the 13th- 
stage heater is fitted with a pressure gage and manu- 
ally operated regulating valve by means of which the 
leak-off pressure is maintained at about 1 psi g to pre- 
vent inleakage of air along the turbine shaft or con- 
trol-valve stems. 

An evaporator operating on steam bled from the 
10th stage discharges its vapor to the 13th-stage heater 
to provide distilled make-up for the unit. Two other 
pieces of heat-exchange equipment in the feedwater 
circuit are the air-ejector condenser, which will be 
diseussed later, and a drain cooler. 

Steam condensed in the feedwater heaters may be 
cascaded through successive heaters and through the 
drain cooler to the main condenser, but in normal 
operation a drain pump taking its suction from the 
10th-stage heater picks up condensate from the 4th, 
7th and 10th-stage heaters and pumps it into the main- 
condensate stream between the 10th and 7th-stage 
heaters ahead of the boiler-feed pump suction. Con- 
densate from the evaporator coils and from the 13th- 
stage heater passes to the main condenser through the 
drain cooler and U-leg seal at all times. This disposi- 
tion of low-pressure drains was considered necessary 
for the best elimination of oxygen from the boiler 
feedwater. 
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Fig. 62. Flow diagram for 75,000- 
kw Unit 14, showing essential con- 
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At all loads above 35,000 kw the pressure in the 
10th-stage heater shell will be above atmospheric and 
there is but little possibility for air to enter the sys- 
tem at that point. The 4th and 7th-stage heater shells 
are at still higher pressures and any non-condensible 
gas that might exist in those locations is eliminated by 
flashing and venting as the condensate cascades to the 
10th-stage heater. It is believed, therefore, that oxy- 
gen-free condensate will be found at the 10th-stage 
heater at all loads above 35,000 kw. On the other 
hand, the 13th-stage heater is under vacuum at all 
running loads. Air might leak into the system here 
through joints or along valve stems, and in addition 
there is a relatively large quantity of oxygen and 
other non-condensible gas brought into the system with 
the raw water supplied to the evaporator. Even 
though the 13th-stage heater is adequately vented to 
the main condenser its condensate is subject to satu- 
ration with oxygen and gas which would be sent back 
to the boilers if the heater-drain pump were installed 
to take its suction from the 18th-stage heater. It is 
evident that from the standpoint of oxygen elimina- 
tion it is desirable to pass the lowest-pressure drains 
to the main condenser for flashing and removal of the 
liberated gas by means of the steam-jet air ejectors. 
As an interesting circumstance of the cycle heat bal- 
ance it was found that even without a drain cooler 
a better heat rate was possible with the drain pump 
on the 10th stage than on the 13th stage. Installation 
of the drain cooler further reduced the heat rate by 
15 Btu per kw-hr. The importance of studying the dif- 
ferent arrangements for disposing of heater drains is 
indicated in Table XIII. 

Since both the drain cooler and the drain pump 
were economically justified by their own increment 
savings both units are installed. 


Condensate collected in the main condenser is 
returned to the boilers by a series of three pumps. 
The first one, known as a lift pump, takes its suction 
from the condenser hotwell and discharges into the 
suction of the hotwell pump at about 5 psi g. At 
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maximum flow the hotwell pump discharges at 210 
psi g through the ejector condenser, the drain cooler, 
and the 13th and 10th-stage heaters into the suction 
of the boiler-feed pump. The boiler-feed pump dis- 
charges at 1092 psi g through the 7th and 4th-stage 
heaters to the boiler-feed header and thence to the 
steam-generating units. 

The above described general arrangement of pumps 
to handle condensate and boiler feed is now almost 
universal in Detroit Edison plants, only the oldest sec- 
tion at Marysville having a different system. It is a 
further development of the method employed thirty 
years ago at old Delray Power House 1 where the 
boiler-feed and hotwell pump were coupled together 


TABLE XIII. EFFECT OF de ripiey DISPOSAL ON TURBINE 
EAT 


RATE 








Saving over Cas- 
cade to Condenser, 
Arrangement Btu per kw-hr 
Cascade to condenser............eseeseees 0 
Cascade through drain cooler............... 63 
Drain pump on 13th stage..........seeeeees 71 
Drain pump on 10th stage, no drain cooler on 
13th stage 
Drain pump on 10th stage plus drain cooler on 


13th stage 108 





and driven by an adjustable-speed motor. The lift 
pump was first used in addition to the ‘‘combination’”’ 
pump at Trenton Channel, then carried over to the 
first section of Delray PH 3, then to the modernized 
Jonners Creek plant and now into the Delray exten- 
sion. The design of the system and the method of 
driving the pumps is discussed later under the heading 
of Feed Pumps and Their Drive. 


10,000-kw SuPERPOsED UNIT 
The 10,000-kw superposed unit described in the 
first article is the first unit of this type to be installed 
in the Detroit Edison system. It is fitted into the 
Delray plant cycle as illustrated by the flow diagram 
in Fig. 63. 
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Steam from the high-pressure boilers is delivered 
through the main-steam header to the turbine throttle. 
The turbine exhausts at about 410 psi g into the main- 
steam header of the low-pressure section, and thence 
finds its way to whatever low-pressure condensing 
machines may be in operation. In these units the steam 
expands to various extraction points and to the main 
condensers, and is ultimately delivered to the low- 
pressure feedwater header as boiler feedwater. With 
full load on the superposed turbine some 500,000 lb per 
hr of water is thus delivered to the low-pressure system 
from steam that came originally from the high-pressure 
boilers. In order to effect the necessary transfer of this 


water between the two feedwater systems, a transfer, | 


or booster feed pump is installed to take its suction from 
the low-pressure feedwater header and discharge di- 
rectly to the high-pressure header. Leak-off water from 
the shaft packing on this pump is injected into the 
suctions of the low-pressure main feed pumps. Leak-oif 
steam from the turbine shaft packings and control- 
valve stems is condensed in a closed feedwater heater, 
thereby conserving its heat. This so-called ‘‘sealing- 
steam condenser’’ is installed in the condensate circuit 
of one of the 50,000-kw turbines, between the 16th and 
19th-stage heaters. Feedwater from the 50,000-kw 
machine is partially heated in the sealing-steam con- 
denser, which reduces the amount of steam extracted 
from the 50,000-kw turbine to the 16th-stage heater. 
As a result of reduced bleeding the turbine carries a 
given load with a sufficient saving in throttle steam to 
justify the sealing-steam condenser installation. On 
the other hand the increase in machine availability 
which would result from equipping a second 50,000-kw 
unit with a sealing-steam condenser was not considered 
adequate justification for such installation. A connec- 
tion into the steam space of one of the main condensers 
also was studied but found to be too difficult and ex- 
pensive to be justified by the saving in condensate 
alone. Consequently when the 50,000-kw main Unit 13 
is out of service it will be necessary to exhaust Unit 21 
shaft packing leak-off to atmosphere if the superposed 
turbo-generator is to operate. 

The saving attributed to the sealing-steam condenser 
could have been equalled or bettered by condensing the 
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Fig. 64. General view of Delray 
turbine room. 75,000-kw Unit in 
foreground. Two of the 4000-kw 
d.c. house-service machines are 
visible in the background 


leak-off steam in the 19th or 16th-stage heater shells on 
the 50,000-kw feedwater circuit. It is a hazardous prac- 
tice, however, and one absolutely forbidden by the Com- 
pany’s engineering policy to admit to a main-turbine 
eycle steam that is not under the control of the governor 
on that turbine. The hazard lies, of course, in the pos- 
sibility of failure of the extraction-line check valve to 
close in an emergency, allowing steam from the outside 
source to feed back into the turbine and wreck it on 
overspeed. 


AUXILIARY ELECTRICAL SYSTEMS 


Throughout the plant the auxiliary equipment is 
driven by either alternating or direct.current. Only the 
emergency boiler-feed pumps and emergency general- 
service pumps are steam driven, and on the new 
75,000-kw machine a steam-jet air ejector is used. 

Direct current at 240 v is supplied to all essential 
units whose power requirements and speed are such 
that direct current is suitable, and on those units that 
require considerable adjustment of speed. Such uses 
include draft fans, stoker drives, circulating-water 
pumps, general-service pumps, condensate-lift pumps, 
and boiler-feed and hotwell pumps on the 50,000-kw ma- 
chines and on the 10,000-kw superposed unit. 

Alternating current is used on those auxiliaries 
whose continuous running is not essential to plant oper- 
ation, in services where sparking from d-c commutators 
might present a fire hazard, and in cases where horse- 
power and speed requirements cannot be met readily 
with direct current. These services include the coal 
handling facilities, station lighting, pumps on the trans- 
former-oil and turbine-oil storage systems, emergency 
oil pumps on the 75,000-kw machines, centrifugal oil 
purifier, other miscellaneous pumps, elevators, air com- 
pressors, and the boiler-feed and hotwell pump on the 
75,000-kw units. 

Direct current for auxiliary drives is generated on 
either turbine-driven geared generators or motor- 
generator sets. In the ultimate plant there will be four 
turbine-driven units of 4000-kw capacity each, two 
2000-kw motor generators, and one motor generator 
which is rated 1000-kw at 300 v. Three of the turbine- 
driven units operate on 375 psi 700 F steam from the 
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low-pressure section of the plant. They are cross- 
compound machines consisting of a high-pressure cylin- 
der and a low-pressure cylinder, each driving pinions in 
the speed-reducing gear connected to two d-c generators 
mounted in tandem. Steam is extracted from the 4th 
stage of the high-pressure cylinder through a reducing 
valve to the building-heating system. The low-pressure 
cylinder exhausts to a high-vacuum surface condenser. 

The fourth turbine-driven d-c unit, which will be 
installed when the second 75,000-kw main unit goes in, 
will operate on 815 psi 900 F steam from the plant 
extension. It also will be a cross-compound machine 
and in fact will be rebuilt from a unit almost identical 
with those in the low-pressure section by replacing the 
high-pressure cylinder of a machine no longer needed 
at Trenton Channel with a new high-pressure cylinder 
designed for the new Delray steam conditions. This 
unit will be equipped with a positive extraction control 
in place of the pressure-reducing-valve type of extrac- 
tion used on the other machines to supply steam to the 
building-heating system. Exhaust steam will pass to 
the condenser formerly used with the 10,000-kw 1000 F 
experimental machine, while the condenser that has been 
serving the turbine at Trenton Channel may be moved 
to Conners Creek for use on the last of their 2880-kw 
auxiliary turbines. 

All steam used by the turbine-driven direct-current 
house-service units is condensed, either in the building- 
heating system at pressures up to 10 psi g or in the 
auxiliary condensers at about one inch Hg absolute 








pressure. Disposal of the building-heating system con- 
densate will be discussed later under ‘‘Hot-Drip Sys- 
tem’’. Condensate which collects in the auxiliary con- 
densers is pumped into condensate storage tanks by 
means of constant speed auxiliary hotwell pumps. Float- 
operated valves then pass an appropriate amount of 
condensate from the storage system into the main unit 
condenser steam space through spray pipes for the pur- 
pose of deaeration. From that point on the auxiliary 
condensate is mixed with the main-unit condensate and 
passes through the extraction feedwater heaters and into 
the economizers. 

The direct current supply is highly reliable because 
operation of the turbine-driven machines is independent 
of all equipment in the main plant except the boilers. 
These turbo-generators are equipped with their own 
condensers, circulating pumps, hotwell pumps and other 
auxiliaries, and actually constitute a separate direct- 
current generating plant within the main plant, housed 
in an auxiliary bay of the turbine room between the 
boiler room and main turbine floor. The auxiliary bay 
and some of the house-service turbines may be seen in 
the background of Fig. 64. 

The 2000-kw motor-generators, one of which is now 
installed, also are located in the auxiliary bay. They 
provide running reserve on the d-c system and are of 
value in balancing the load for good steam economy in 
the turbine-driven sets. In the matter of independence, 
however, they do not measure up to the standards set 
for the turbine-driven units since their motive power 
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Current Direct current Alternating current 
Voltage 240 4800; 240; 
120; 28 
Motors Practically all shunt wound. A few have cumulative All coal handling motors are totally enclosed, fan 
compound windings. ventilated wound rotor motors. The main air com- 
pressors and 75,000-kw feed pumps are driven by 
4800 v. motors; other motors are 220 v. 
Lighting 120 v; 28 v 
Service Essential Aux. with exception of boiler-feed and Non-Essential Aux. and boiler-feed and hotwell 
hotwell pumps on 75,000-kw units. pumps on 75,000-kw units. 
Switches 
and Air circuit breakers on d-c control equipment. En- 4800 v—all oil circuit breakers. 240 v—oil circuit 
Cireuit closed fused knife switches between bus and con- breakers on coal handling; enclosed air circuit 
Breakers trollers. breakers for general distribution. 
Source of 4000-kw d-c House Generators driven through re- Service connection to main electrical system through 
Energy ducing gears by steam turbines, and 2000-kw motor- two nearby substations. 
Supply generators. 
Emergency Always have sufficient machines on line to carry the Connections of two substations is considered suffi- 
Supply load if one should drop its load. Two 2000 kw M.G. cient emergency supply provision. (Waterman and 
Provisions sets and one 1000 kw M.G. set for running reserve Delray Substations) 
and standby. M.G. sets driven by 4800 v., a-c. 
Boiler- Hotwell and boiler-feed pumps for 50,000-kw units Hotwell and boiler-feed pumps for 75,000-kw units 
Feed Pump mounted on same shaft and driven by adjustable mounted on same shaft and driven by adjustable 
Drive speed d-c motor. Hotwell pump takes its suction speed, 4800 v, a-c slip-ring motor. Hotwell pump 
directly from discharge of a constant speed “Lift” takes its suction directly from discharge of a con- 
pump whose function is to take water from con- stant speed d-c driven “Lift” pump whose function 
denser hotwell and discharge it at about 2% psi g. is to take water from condenser hotwell and dis- 
Boiler-feed booster pump for 10,000-kw superposed charge it at about 7 psi g. 
unit driven by adjustable speed d-c motor and speed- 
increasing gear. 
Emergency Hotwell and boiler-feed pumps mounted on same shaft and driven by direct-connected steam turbine. Tur- 
Boiler- bine has one wheel and can be started just as readily as an electric motor. Hotwell pump takes its suction 
Feed Pump directly from condenser hotwell. No emergency pump installed for superposed unit. 
Drive 
General- Regular pumps driven by adjustable speed d-c motors. Emergency pumps driven by direct-connected quick- 
Service starting steam turbines. 


Pump Drives 
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vomes from busses and transformers in Waterman and 
Delray substations, through cables to an a-c bus in the 
power plant. 

Alternating current auxiliaries operate at different 
voltages from 4800 on the air compressor motors and 
75,000-kw feed pump motors down to 28 v on service 
outlets, depending on the conditions of use. As indicated 
above, these services are supplied from a-c busses, ener- 
gized from the two substations remote from the power 
house but on the plant site. Table XIV gives an outline 
of both the d-e and a-e systems. 


CONDENSATE-STORAGE SYSTEM 


Installed in the plant is a condensate-storage sys- 
tem which serves both sections of the plant in three 
different ways. It serves as a reservoir for evaporated 
make-up and for a reserve supply of condensate which 
could be fed to the boilers in case of blowing of the 
safety valves as a result of failure of one or more main 
units. The system also serves as a surge chamber to 
receive water at times of increasing plant load and to 
supply water to the feedwater system when the plant 
load decreases. This surge capacity is required to com- 
pensate for the change in volume of steam bubbles in 
the boiler at different rates of evaporation. The third 
function of the system is to receive condensate from 
the house-service turbines and provide for the trans- 
fer of that condensate to the main unit boiler-feed 
systems. 

The condensate-storage system consists of four rec 
tangular steel tanks of 47,000 gal capacity each, con- 
nected to a 12-in. storage header from which there is 
a 6-in. branch to the condenser and pumps of each main 


unit. The hotwell pumps of the auxiliary turbines dis- _ 


charge directly into the storage header. Float-oper- 
ated chronometer valves, indicated in the flow dia- 
gram, Fig. 62, control the flow of condensate between 
the main units and the storage tanks, there being two 
separate valves for each generating set. Operation of 
the chronometer valve is as follows: 

During periods of increasing load on the station 
the rate of firing in the boiler furnaces is stepped up 
and an increasing part of the boiler volume is oceu- 





pied by steam bubbles. Because of this displacement 
of solid water, the boiler-water level is temporarily 
satisfied with a reduced amount of feedwater, and the 
boiler-water level regulator prevents the feed pumps 
from pumping water out of the condenser as fast as 
the condensate forms. Consequently the water level 
rises in the condenser hotwell. A float located in a 
specially provided chamber, which is connected top 
and bottom through pipes of liberal size to the space 
above and below the limits of water level in the con- 
denser hotwell, opens the high-level chronometer valve 
and allows water to flow from the hotwell pump dis- 
charge to the condensate-storage tanks. When the 
plant load is decreasing the steam bubbles in the 
boiler diminish in volume, temporarily requiring an 
excess of feedwater to maintain the proper boiler- 
water level. As a result the water level in the con- 
denser hotwell falls, opening the low-level chronometer 
valve to admit water from storage into the condenser 
steam space through the spray pipe. Under steady 
load conditions there is some flow of water from stor- 
age through the low-level valve to introduce con- 
densate from the auxiliary machines into the main 
condensate circuit. Were it not for the auxiliary con- 
densate both chronometer valves would be closed 
under steady load operation. With the above de- 
scribed automatic means for surge-water control, the 
operator merely has to adjust the speed of the feed- 
water pump to maintain sufficient pressure to feed the 
boiler. 

Fundamentally the same design of condensate- 
storage system is used at Trenton Channel, Conners 
Creek, and Delray. Some interesting refinements have 
been made, however, in the chronometer valve and 
float box design since the first ones were installed at 
Trenton Channel. In the older arrangements a heavy 
cast-iron box housed a ball float which was connected 
by an external linkage to the chronometer valve. In 
the newer design, illustrated in Fig. 65, the float box 
is built up of welded steel plate and is so arranged 
that the valve body is bolted to it. The float then acts 
directly on the valve without any external levers and 
therefore without stuffing boxes that might either 
bind or permit air to leak into the system. The valve 
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Fig. 65. Welded steel float cham- 
ber and improved chronometer 
valve for controlling flow of con- 
densate to and from the storage 
tanks—Above 














Fig. 66, Basic diagram of the Del- 
ray hot-drip disposal system. Com- 
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itself is of the ported-cylinder type which opens and 
closes by rotating about the axis of the valve stem. 
Valves designed ten years ago had a secondary ad- 
justment that consisted in moving the cylinder along 
the length of the stem to increase or decrease the 
length of the ports. This adjustment, when once made, 
was left as set. By designing the ports to suit the 
individual case it is no longer necessary to provide 
for the lengthwise adjustment, which, of course, con- 
tributes to the improved design. 

Another feature of the condensate system which 
requires some mention is a spring-loaded pressure- 
control valve ahead of the high-level chronometer 
valve. Because the static elevation of the storage 
tanks above the hotwell and boiler-feed pump is only 
13 ft there would be some danger of losing pressure 
between the hotwell pump and boiler-feed pump it 
the high-level valve were to open suddenly. In such 
an event the boiler-feed pump would become vapor 
bound with flash steam, causing an interruption in 
the boiler feedwater supply. The spring-loaded pres- 
sure-control valve prevents such a failure by holding 
the hotwell-pump discharge pressure up to a pre-set 
minimum value, well above the flashing point. 

By-passes are provided around both chronometer 
valves to permit repairs without shutting down the 
main unit, or to provide extra capacity in unusual 
operation. 


Hort-Drip System 


In the operation of a large power plant there are 
many miscellaneous items of condensate that must be 
disposed of in one way or another. An arrangement 
of pumps, pipes, and tanks, known as a hot-drip sys- 
tem and diagrammed in Fig. 66 is installed at Delray 
to eallect and return to the boilers all the items of 
condensate that can be collected without contamina- 
tion by oil, dirt, or other foreign matter. The sources 
of condensate served by this system inelude the fol- 
lowing: 


1. Building-heating system 


2. High-pressure trap discharges, (Drip piping 
was discussed in the installment on piping) 


3. Water supply to 
(a) Main-turbine shafts seals 
(b) Auxiliary-turbine shaft seals 
(c) Boiler-feed-pump shaft seals 
(d) Hotwell-pump packing glands 
(e) Heater-drain-pump packing glands 
(f) Main-condenser relief valve seals 
(g) Auxiliary-condenser relief valve seals 


(h) 
water heaters 

(i) Atmospheric relief valve seals on auxil- 
iary feed pump turbine exhaust to 
main condenser 


Building heating is accomplished with steam ex- 
tracted from the house-service turbines at 10 psi g. 
supplemented by steam taken from the boiler drums 
through reducing valves whenever necessary. Dispo- 
sition of the condensate from the building-heating 
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Relief valve seals on low-pressure feed- 











Fig. 67. Diffusion nozzle used for mixing hot-drips with condensate 
flowing from the storage tanks to the main condenser 


steam depends upon the pressure and/or elevation at 
which the returns leave the heating apparatus. For 
example, the turbine-room and boiler-room heating 
systems may be under vacuum. Their returns flow by 
gravity to vacuum returns pumps located in a pit 
below the basement floor at the north end of the plant. 
The vacuum pumps lift these returns into a high-level 
receiving tank from which they flow by gravity 
through meters into a low-level tank. Booster pumps 
discharge the returns from the low-level tank into the 
hot-drip tanks located just above the headers in the 
west header gallery at an elevation about 15 ft above 
the basement floor. Returns from a system of window- 
sweeping ventos flow by reason of their pressure and 
elevation directly into the high-level tank in the heat- 
ing-returns pit where they join the condensate dis- 
eharged from the vacuum returns pumps. Returns 
from roof-sweeping ventos and from radiators high 
up in the plant, and returns pumped to the plant from 
other buildings on the Delray site flow through a meter 
and into the hot-drip tanks. Thus all of the building- 
heating steam is metered on its way to the hot-drip 
tanks. 

Condensate discharged from the high-pressure 
steam traps passes directly to the hot-drip tanks with- 
out metering. 

Return water from the seals enumerated above is 
collected in a header that lies in a trench in the base- 
ment floor and passes, without metering, to the low- 
level tank in the heating return pit. Ultimately it 
reaches the hot-drip tanks along with the various 
heating returns. 

The temperature of the mixture in the hot-drip 
tanks varies with conditions. However, if there is a 
high ratio of trap discharges to return water from 
seals, it is necessary to introduce a certain amount of 
cold condensate into the tanks to temper the mixture 
to a condition suitable for pumping. This cooling 
water, which is taken from the same source as the 
water supply to the seals, is introduced into the hot- 
drip tanks through spray heads as a means of con- 
densing any flash steam and cooling the condensate. 
The final temperature of the mixture is about 170 
to 180 F. 

The last stage in the hot-drip journey is the return 
from the hot-drip tanks to the condensate systems of 
the main units. This may be accomplished in either of 
two ways. First of all, hot-drip pumps discharge the 
water from the tanks into a header which runs length- 


585 





wise of the plant and feeds branches to each main unit. 
From the branch the hot-drips may pass either 


(1) to the steam space of the lowest-pressure feed- 
water heater or 


(2) to the throat of a mixing nozzle, shown in Fig. 
67, in the condensate line from the storage tank 
to the low-level chronometer valve supplying 
make-up to the main condenser. 


Hot-drips introduced into the heater shells on the 
50,000-kw units may carry with them some oxygen that 
could dissolve in the heater condensate and be returned 
to the 400 psi boilers. On the 75,000-kw units the drains 
from the lowest-pressure heater pass through a drain 
cooler and into the main condenser, so that deaeration 
of the hot-drips in the 75’s is automatic. 

Deaeration is assured in all cases if the hot-drips 
are introduced into the main condensers along with the 
make-up from storage. There also is another definite 
advantage from this method of disposal, especially in 
the summer time. Because of the relatively light load 
at which the turbine-driven d-c machines usually oper- 
ate, their condensate invariably is cooler in summer 
than that from the main units. Consequently the tem- 
perature of the water in the condensate-storage tanks 
is quite likely to be somewhat below the saturation tem- 
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Fig. 68. Curve showing overall efficiency for which the high-pressure 
steam-generating equipment is designed 


perature in the main condensers. Under this condition 
there can be no flashing when the condensate make-up 
enters the condenser steam space and deaeration is 
effected only by mechanical spraying. Introduction of 
hot-drips into the make-up stream produces a warm mix- 
ture, causing some flashing and effecting a more com- 
plete liberation of dissolved oxygen. 


SEALING-WATER SYSTEM 


Sealing water for the various rotating shaft pack- 
ings and glands and for water-sealed valves is supplied 
from a central head tank located in the auxiliary bay 
fan room, at an elevation of some 40 ft above the main 
turbine shaft. This tank, which has a capacity of 3750 
gal, feeds a header in the basement. Branches to the 
individual units are connected to the header at con- 
venient points along its length. Cold condensate is sup- 
plied to the head tank from the discharges of the several 
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hotwell pumps. A 214-in. line from each hotwell pump 
connects into a 4-in. supply header in the basement. 
From the header a single riser feeds the head tank 
through a float-operated valve. To provide against a 
possible failure of the supply of condensate to the head 
tank, an emergency connection is made into the general- 
service water system in the plant. A float-operated valve 
in the general-service line is set to open at a pre-deter- 
mined low-water level in the tank. Normally the general- 
service valve is closed, and because no leakage of general- 
service water into the condensate would be tolerated, a 
tell-tale is provided between the float-operated valve 
and the head tank. 

It sometimes is desirable, especially during tests, to 
seal a machine with its own condensate rather than from 
a pooled source. Connections are provided so this can 
be done, thereby eliminating the need for corrections 
which would be required in testing if water from an 
external source were used. 


Delray Plant 





Boiler-Room 
Heat Balance 


HE SECOND installment of this article, which 

appeared in Power Puant ENGINEERING for May, 
1939, covered the design and construction features of 
the steam generating equipment in some detail and sum- 
marized the performance for which the equipment is 
designed. The design performance will be elaborated 
somewhat in the following paragraphs. 

All of the new boilers are designed for operation 
with coal on underfeed stokers, but three of them are 
equipped also with gas burners for the simultaneous 
firing of blast-furnace gas and coal. 

Air for combustion enters the air heaters at 100 F 
and is delivered to the gas burners and stoker plenum 
chamber at temperatures ranging from 290 F to 357 F 
depending upon the rate of firing. Furnace tempera- 
ture varies from 1540 F to 2400 F. Preliminary tests 
indicate that up to 36 to 38 per cent of the total heat 
released in the furnace is absorbed by the water-cooled 
furnace walls. 

The hot gas then passes over the three rows of boiler 
tubes ahead of the superheater after which the gas 
stream is divided, a part flowing over the superheater 
tubes and the remainder through the superheater by- 
pass, in whatever ratios are necessary to maintain a con- 
stant superheated-steam temperature throughout the 
normal range of load. Beyond the superheater are five 
more rows of boiler tubes which reduce the gas tempera- 
ture to average values of from 690 F to 1105 F. These 
averages are made up of gas at temperatures as high 
as 1560 F leaving the by-pass section and cooler gas 
from the superheater section. 
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The economizer is designed for a water inlet tem- 
perature of 375 F at all loads since the boiler rating 
and turbine loading may vary somewhat independently. 
Actually the feed temperature may range from 250 F 
to 390 F, depending on the turbine load. Operation of 
the superposed machine, which was decided upon after 
the boiler design was finished, may reduce the average 
economizer feed temperature below the design figure of 
375 F since the steam used in the superposed unit will 
be condensed in the low-pressure section of the plant. 
As mentioned in the beginning of this installment, the 
feedwater temperature in the low-pressure section at 
rated turbine load is 341 F, and water from the low- 
pressure feedwater system will be pumped directly into 
the high-pressure feed system in amounts equal to the 
steam used by the superposed machine. Since the super- 
heater by-pass partitions extend through the economizer 
there are three definite gas paths through it with differ- 
ent gas temperatures in the middle section than will be 
found in the end sections. The maximum gas tempera- 
ture leaving the by-pass section of the economizer is 
expected to be 660 F while the average gas temperature 
leaving the economizer varies with rating from 410 F to 
530 F. 

The air heater design calls for cooling the products 
of combustion to final temperatures ranging from 240 F 
to 337 F, depending on the rating. If the temperature 
reduction in the gas circuit is compared with the tem- 
perature rise in the air circuit it appears that the air 
heater is designed for ratios of gas to air from 1.12 at 
light loads up to 1.35 at maximum rating. Actually 
the gas to air ratio varies from 1.21 to 1.28 depending 
on the variations in specific heats and the amount of air 
infiltration into the gas circuit through ash pit, furnace, 
and economizer casing. 

Design performance of the steam generating equip- 
ment under the above described conditions results in 
overall steam generation efficiencies shown in Fig. 68. 
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Feed Pumps and 
Their Drives 


CONSTANT supply of water at boiler-feed pres- 

sure is essential to the safe and successful opera- 
tion of any boiler plant. While various arrangements 
for accomplishing the desired result are favored by 
different designers, the type of system used in the 
Delray extension has given over fifteen years of satis- 
factory operation in the different Detroit Edison plants. 
The arrangement is indicated in Fig. 62 and ‘has been 
touched upon briefly in the discussion of the plant heat 
cycle. Motor-driven pumps are used in normal opera- 
tion, while turbine-driven pumps are installed as 
standby equipment. 
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Fig. 69. Motor-driven boiler-feed and hotwell pump for 75,000-kw 
turbine. The constant-speed heater drain pump is in the foreground 


Pumps For 75,000-kw UNrtTs 


Three pumps in series constitute the main pumping 
system in the motor-driven units. The first is a rela- 
tively slow-speed low-head ‘‘lift pump’’ which lifts 
water out of the condenser hotwell and discharges at a 
few psi g into the suction of the ‘‘hotwell pump.’’ The 
purpose of the lift pump is, through low-speed low- 
head operation, to avoid cavitation with its noise and 
other possible effects. This pump is driven by a d-e 
motor at a constant speed of 600 rpm. 

Next in the series is the hotwell pump which receives 
water from the lift pump and increases its pressure to 
some 200 psi g. From this pump the condensate flows 
through the 13th and 10th-stage heaters into the suction 
of the boiler-feed pump. In this part of the cireuit the 
water is heated to about 255 F at maximum load, and 
loses about 41 psi pressure in friction through the two 
heaters, drain cooler, ejector condenser, and the inter- 
connecting piping. Heater drains accumulated in the 
hotwell of the 10th-stage heater are pumped into the 
condensate circuit at the suction of the boiler-feed pump. 


The boiler-feed pump, which is on the same shaft as 
the hotwell pump, increases the pressure of the hot 
water to a final value of 1092 psi g at maximum load, 
and delivers it through the 7th and 4th-stage heaters 
into the boiler-feed system. Another 135 degrees of 
temperature are picked up as the water flows through 
the last two heaters, resulting in a final feedwater tem- 
perature just under 390 F at maximum load. The 





Fig. 70. Turbine-driven emergency boiler-feed and hotwell pump for 
75,000-kw turbine 
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accompanying pressure loss in these two heaters and 
inter-connecting piping is about 30 psi. 

The hotwell and boiler-feed pumps, shown in Fig. 
69, are coupled in tandem and driven by an adjustable 
speed a-e slip-ring motor having a top speed of 1780 
rpm. An emergency pumping unit, shown in Fig. 70, 
driven by a steam turbine operating on 815 psi g 900 F 
steam consists of a boiler-feed pump identical with the 
motor-driven unit, coupled to a hotwell pump which is 
designed to take its suction directly from the condenser 
hotwell if necessary, or directly from the condensate 
storage system. The turbine is a single-pressure-stage 
machine designed for ruggedness and quick starting. 
Because the stand-by unit operates only during emer- 
gencies and periodic tests cavitation in the hotwell pump 
is not considered important enough to complicate the 
system with a stand-by lift pump. Some other arrange- 
ments of feed pumps were considered before the system 
used was decided upon. These will be discussed shortly. 

In the previous installment, on piping, mention 
was made of the shut-off pressure and rated discharge 
pressure of the pump in comparison with the normal 
discharge pressure as they affect the piping design. 
Sinee it may be of interest to some readers, a discus- 
sion of the considerations involved in establishing the 
ratings of the different pumping units is given below. 

One important function of a boiler-feed pump is 
to supply water to a boiler under conditions in which 
the boiler safety valves are blowing wide open. Such 
circumstances arise when a large block of load is 
dropped suddenly due to tripping of one or more 
main turbo-generator stop valves or machine switches, 
In the ease of stoker-fired boilers some little time 
elapses before the coal-burning rate can be materially 
reduced. In such an emergency the boiler-drum pres- 
sure rises until the safety valves open, and the rate 
cf evaporation remains essentially constant until the 
fans are stopped. Under these conditions the boiler- 
feed pumps should continue to pump at the same rate 
as immediately before the emergency, but at an in- 
crease in pressure corresponding to the increase in 
boiler-drum pressure. 

Due to the water-storage capacity of the boiler 
coupled with the desire to maintain a relatively low 
water level so as not to flood the superheater in case 
normal conditions are restored promptly it might be 
argued that the pump need not deliver its full rated 
capacity at the increased pressure. This might be 
acceptable practice for a motor-driven pump especially 
if the emergency pump is turbine-driven and is capa- 
ble of being over-speeded somewhat. On the other 
hand, if the motor-driven pump is arranged for ad- 
justable speed there is not much to be gained by build- 
ing the pump for any condition less than full capacity 
at emergency pressure. 

In the ease of the 75,000-kw Delray unit it is pos- 
sible to obtain full capacity in the motor-driven unit 
and since a slip-ring motor is used for the drive it 
was decided to design the motor-driven and turbine- 
driven units for the same rating conditions. This rat- 
ing point at the discharge of the boiler-feed pump is 
684,600 lb per hr of water at 260 F at a gage pressure 
of 1186 psi. The pressure is made up as follows: 

Setting of first saturated safety valve... 950 

6 per cent over-pressure............... 57 
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Eeonomizer friction drop.............. 12.5 
Drop through regulating valves........ 47 





Caleulated pipe friction............... 39.1 
Heater friction (4th and 7th stages)..... 28.2 
Statice head to boiler nozzle............. 36 
SN ck Seka Okeke eerie 16.2 
Total at pump discharge............ 1186.0 psi 


The pressure at the suction of the boiler-feed pump 
will be equal to the more or less arbitrarily established 
hotwell pump discharge pressure minus the friction 
loss through the condensate piping and various feed- 
water heaters. This friction loss is calculated as fol- 
lows: 

Piping 

Kjector condenser .......... 5.6 

Drain cooler 10.0 (estimated ) 

13th-stage heater ........... 8.7 

10th-stage heater 


Cr 


Total 40.8 = say 41 psi 


To allow for some surge to storage, the capacity of 
the hotwell pump is specified as 785,000 lb per hr of 
water at temperatures from 58 F to 102 F. In order 
to provide an ample margin of pressure above flash- 
ing pressure in the boiler-feed pump suction, the hot- 
well-pump discharge pressure is specified as 200 psi g 
minimum and at the same time it is stipulated that 
the hotwell pump pressure shall not exceed 300 psi g 
at shut-off. The rated discharge pressure actually 
selected is 210 psi g for the motor-driven unit operat- 
ing in series with the lift pump and 210 psi g for the 
turbine-driven unit without the lift pump. The sue- 
tion pressure on the boiler-feed pump under rated 


“conditions therefore is 210 — 41 — 169 psi g. 


The suction pressure on the motor-driven hotwell 
pump is taken arbitrarily at 5 psi g, two pounds less 
than the rated discharge pressure of 7 psi g for the 
lift-pump. The turbine-driven hotwell pump will take 
its suetion directly from the condenser at from 2 psi 
abs to 3 psi abs depending on the condenser pressure 
and water level in the condenser hotwell. These lat- 
ter suction conditions apply also to the motor-driven 
lift pump. The rated capacity of the lift pump is 
785,000 Ib per hr at 58 F to 102 F. 

The heater-drains pump shown in the foreground 
of Fig. 69, which discharges condensate from the 10th- 
stage heater hotwell into the‘ suction of the boiler- 
feed pump, is designed for 143,500 lb of water per hr 
from a suction pressure of 7.9 to 15.8 psi abs to a 
discharge pressure of 226.8 psi abs. The variation in 
suction pressure is due to the elevation of the heater 
above the pump, which permits considerable change 
in water level in the suction pipe. This variation is 
utilized to obtain automatic regulation of the pump, 
which is driven by an induction motor at 1750 rpm. At 
light loads the water in the suction pipe is pulled 
down to a low level and at heavier loads it carries at 
higher levels. This is the first constant-speed heater- 
drain pump in the Company’s experience. Older in- 
stallations are all driven by adjustable-speed motors. 


Borwer-FrEeD Pump Drive 


In keeping with the policy of driving all essential 
auxiliaries with direct current it was for many years 
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standard practice to use adjustable-speed d-c motors 
on boiler-feed pumps. Motors for the 50,000-kw pumps 
at Trenton Channel and in the first section of Delray 
PH 3 are rated at 700 hp, and operate at 1000 to 1200 
rpm on 240 v direct current. The boilers fed by these 
pumps generate steam at just over 400 psi g. 

When 600 psi g pressure at the turbine throttle was 
adopted for Conners Creek it became necessary to 
review the question of pump drive. Because of pos- 
sible commutation trouble in motors of the required 
horsepower at speeds over 1200 rpm it was consid- 
cred necessary to limit the speed of d-c motors to that 
value. On the other hand this meant either an unde- 
sirable increase in the number of stages in the pump 
or the installation of a speed-increasing gear between 
the pump and motor. Another arrangement consid- 
ered the use of a ‘‘primary”’ and ‘‘secondary”’ boiler- 
feed pump in addition to the lift pump and hotwell 
pump. This design split the long boiler-feed pump 
into two units each having an acceptable bearing 
span. Speed adjustment would have been provided 
on only one of the feed-pump elements. All these 
arrangements involved extra room which was not 
available, and extra expense which was not war- 
ranted. Steam-turbine drive also was considered, but 
abandoned when the expense of an extra feedwater 
heater-condenser was considered and theoretical con- 
ditions of instability were discovered. Slip-ring a-c 
motors finally were selected for driving the Conners 
Creek pumps as being the best compromise between 
the necessary operating speed of the pump, investment 
cost, space limitations, and speed adjustment. It has 
proved to be an entirely satisfactory drive. 

With a background of experience at Conners Creek 
it was assumed that the same arrangement would be 
used in the Delray extension. However, increasing the 
throttle steam pressure to 815 psi g necessitated a 
corresponding increase in the rated pump pressure 
and some of the pump manufacturers required a speed 
in excess of 1770 rpm to meet the specification. Upon 
investigation it was found that 1500 hp slip-ring 
motors were not available at 3550 rpm, the next higher 
60 cycle full-load speed, and the question of drive was 
again opened. 

Constant speed induction motors could be used, of 
course, but these involved a throttling loss at all re- 
duced loads. Furthermore, the maximum pressure 
normally encountered at the pump discharge would 
be nearly 100 psi less than the rated pressure. This 
loss of 100 psi represents about 150 hp, which would 
be a serious waste if it had to be tolerated whenever 
the pump was in service. To avoid this loss a scheme 
was studied in which the pump would be divided into 
two units, each driven by a constant speed motor. 
The main pump would be designed to generate the 
head needed in normal operation while the other pump 
would operate in series with it to produce the total 
head needed in emergencies. The second, or ‘‘by-pass 
booster,’’? pump normally would be under pressure 
with the feedwater flowing around it through an open 
by-pass. In emergencies it would be necessary only to 
close the motor circuit on the by-pass pump. The by- 
pass itself would be check-valved to prevent recircu- 
lation with the by-pass pump running. Not all pump 
manufacturers were limited to the high speed, how- 
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Fiz. 71. Curves illustrating the derivation of the characteristic curve 
of the boiler-feed system 


ever, and when all the factors had been evaluated it 
appeared desirable to select a pump for which an 
adjustable-speed slip-ring motor could be obtained. 
The system and pump drive in the Delray extension 
are similar, therefore, to the corresponding equipment 
at Conners Creek, the heads, capacities and motor 
horsepower being suited to the new requirements. 


SELECTION OF SPEED-ConTROL PoInts 


Because considerable importance is attached to the 
use of adjustable speed on the boiler-feed pumps, it 
may be of value to discuss, at this point, the method 
of determining the required speed range and the selec- 
tion of the various speed points in that range. 

The purposes of speed adjustment are to save wear 
and tear by operating the pump at only the necessary 
load rather than at full speed continuously, and to 
save auxiliary power by eliminating unnecessary 
throttling of the pump output. To accomplish these 
purposes the speed range and control should be such 
that only the head needed for a given rate of discharge 
will be generated. The first step then is to determine 
the pressure-flow characteristic of the boiler-feed 
system. 

The pump rating of 684,600 lb per hr at 1186 psi g 
already has been established. At the same capacity 
but under normal boiler pressure the discharge pres- 
sure at the feed pump will be 1092 psi g. Conditions 
at the low capacity end of the characteristic are not 
so readily determined but are arrived at as follows: 

If the plant extension were laid out on the unit 
basis where one definite boiler or battery of boilers 
supplies steam to a specific turbine and is fed from 
one specific pump, or if the entire feed system were 
shut down as would be the ease in the initial start up 
or after a complete emergency shut down, then the 
pressure required to start delivering water into the 
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boiler would be merely the pressure at the superheater 
outlet plus the static elevation between the pump and 
the boiler-feed drum. With no flow, or practically no 
flow, the friction losses in the feed system would be 
zero. In the operation of an inter-connected system 
of boilers, turbines, and pumps, however, the minimum 
pressure required in the feed system at any time will 
be determined by conditions in whichever boiler is 
steaming at the highest rating. Furthermore, as plant 
load drops off the boiler steaming rate will be reduced 
to some minimum value determined by operating ex- 
perience and below that point one or more boilers will 
be banked rather than to further reduce the ratings 
on all boilers. With increasing plant load the oppo- 
site procedure is followed; the ratings on the steaming 
boilers is increased only to a predetermined value 
above which more boilers are brought into service. 
The pressure required at the low capacity end of the 
characteristic depends, in the design stage, upon the 
designer’s judgment with respect to the probable mini- 
mum steaming rate at which the individual boilers 
will operate. For the Delray extension the pump dis- 
charge pressure at zero capacity was taken at 970 psi 
g¢ whereas it would have been only 901 psi g on the 
‘‘unit system’’ basis. The difference between the pres- 
sures of 970 psi g at zero flow and 1092 psi g at full 
flow is friction loss, occurring in the 4th and 7th- 
stage heaters, piping, feedwater regulators, econo- 
mizer, and superheater. This is the basis of the char- 
acteristic curve of the system as drawn in Fig. 71. 


The combined head that must be generated in the 
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Fig. 72. Curves showing pressure generated in boiler-feed and hotwell 
pump at constant speed and at the speeds needed to satisfy the 
characteristic of the boiler-feed system 
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hotwell pump and boiler-feed pump at any capacity is 
equal to 


1. The head required by the system characteristic 
beginning at the feed-pump discharge, plus 
2. The friction loss between the hotwell pump dis- 
charge and boiler-feed pump suction, minus 
. The positive head at which water enters the hot- 
well pump from the lift pump. 


With the system characteristic modified by items 2 and 
3 above, the adjustable-speed characteristic which the 
combination pump must match is as shown in Fig. 72, 
which also gives the combined full-speed characteristic 
of the two pumps operating in series. 

The minimum pump speed is calculated as that speed 
which will produce a shut-off pressure of 970 psi g at 
the feed-pump discharge. Maximum speed is required 
to develop the full rating of the pumps, that is, 1186 
psi g at the feed-pump discharge with a flow of 684,600 
lb per hr. Selection of the speed points consists in 
dividing the operating range from minimum to maxi- 
mum into the available number of speed steps in such 
a way as to give rather close adjustment at low capac- 
ities and at the same time limit the magnitude of the 
pressure steps at higher capacities. The short diagonal 
lines in Fig. 72 which slope downward to the right and 
cross the pump system curve are sections of the com- 
bined pump characteristic at various constant speeds. 
They show how the pressure generated in the combined 
pump may vary as the speed is changed. For example 
the 1560 rpm section crosses the system curve at 475,000 
Ib of water per hr and 1043 psi generated head. If, at 
that same capacity the speed control were changed to 
the next higher point the speed would increase to 1590 


“ rpm and the generated head would step up to 1083 psi; 


40 psi more than needed by the system. This speed 
would be good until the flow increased to 521,000 Ib 
per hr. If the pump were left running at 1560 rpm 
while the demand for water increased to 521,000 lb per 
hr the pressure would fall to 1013 psi; 46 psi below that 
required by the system. Closer speed steps mean smaller 
pressure fluctuations, but with a limited number of 
speeds available fine adjustment in one part of the 
operating range means coarser adjustment in some other 
part of the range. Figure 72 shows the speed steps 
adopted for the 75,000-kw Delray pumps. A photo- 
graph of the boiler-feed pump speed-control station is 
reproduced in Fig. 73. 


FrEep Pump For SUPERPOSED UNIT 


The boiler-feed pump for the 10,000-kw superposed 
unit is the first motor and gear-driven pump installed 
in a Detroit Edison plant. A new 1200 rpm adjustable 
speed d-c motor of suitable capacity was available in 
Company stock and appeared to have no future use 
unless it were for driving the Unit 21 feed pump. Under 
these circumstances the gear drive provided an econom- 
ical solution, and since convenient space could be found 
for the equipment the gear drive was adopted. The 
assembled unit is shown in Figs. 74a and 74b. In this 
case the pump speed is stepped up to 2475 rpm, maxi- 
mum, which reduces the size and cost of the pump, par- 
tially offsetting the cost and space requirements of the 
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gear. There is no stand-by pump installed with the 
superposed unit. 

Of special interest on this pump is the shaft-packing 
arrangement. All other feed pumps in the Delray plant 
are fitted with some form of labyrinth sleeve and soft 
packing. As a result of the high speed of the pump 
combined with its suction pressure of 500 psi g at 350 F 
it is considered necessary to provide a labyrinth pres- 
sure-break-down sleeve and leak-off chamber ahead of 
the normal shaft packing at each end of the pump. A 
pressure of 250 to 300 psi g is maintained on the leak-off 
chambers by means of a regulating valve in the leak-off 
line. This high-pressure leak-off water is piped into the 
suctions of the motor-driven boiler-feed pumps on 
50,000-kw Units 12 and 13 with a waste connection to 
the overflow canal provided for emergencies. 


Delray Plant 





Feedwater Heaters 


EEDWATER heaters for the 75,000-kw units are 

of the multi-pass condenser type with tubes rolled 
into tube sheets at both ends. An even number of water 
passes is used so that inlet and outlet water connec- 
tions are attached to the same water box. The return 
water box is arranged in a floating head to permit ex- 
pansion and contraction of the tube bundle. 

Four important differences exist between the heaters 
of the older section of the plant and those in the exten- 
sion. They are 


1. The use of welded steel shells in place of riveted 
and caulked construction. 
The use of self-locking heads in place of heavy 
bolted joints on the high-pressure heaters. 
Baffling of the tube bundle to provide a desuper- 
heat zone for improving the ‘‘terminal differ- 
ence’’ with respect to cycle efficiency on heaters 
operating with superheated bled steam. 
The use of self-sealing partition plates in the 
water boxes to form the water passes. 


Fig. 73. Boiler-feed pump speed control 
station and feedwater heater gage board 
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Fig. 75. Schematic drawing of the high-pressure feedwater heaters. 
This drawing shows four water passes whereas the high-pressure heaters 
installed with the 75,000-kw. unit have six water passes 


A change in high-pressure head construction was prac- 
tically demanded by the increase in working pressure 
while the other improvements are the natural result of 
advances in manufacturing and design technique. 
Figure 75 is a schematic cross-section of a high-pressure 
heater showing these construction features. Design data 
on all four heaters are presented in Table XV. 
Judged by today’s standards there is nothing un- 
usual about the shell construction of the feedwater 
heaters, but in comparison with the corresponding 


TABLE XV. FEEDWATER-HEATER DESIGN DATA* 
DELRAY 75,000-KW UNIT 14 








Stage number 13 10 7 + 
Rated water flow, lb per hr.485,660 684,600 684,600 684,600 
Heating surface, sq ft 2640 2935 3535 3535 
Number of passes 4 4 6 6 
Water pressure drop, psi... 5.0 6.77 14.0 
Tube diameter, in 5% % 3 SA 
Tube gage 18 18 11 
Rated shell pressure, psi g.. 25 50 250 
Rated water pressure, psi g. 250 250 1200 1200 
Water temperature in, F... 82 174.9 254.1 322.9 
Water temperature out, F.. 173.4 254.1 322.9 388.3 
Terminal difference, F 5.0 3.0 0.0 3.0 
Welded construction ...... ASME ASME ASME ASME 
U-69 U-69 U-68 U-68 


* Heater design data assume a heater-drain pump on the 13th 
stage. 





units in the first section the new shells are relatively 
simpler, less expensive to fabricate, tighter against 
leakage of water or inleakage of air, and better able 
to take the strains set up in heating and cooling. 
Water heads of the high-pressure heaters are ma- 
chined from one-piece steel forgings with tube sheets 
and shell flanges integral with the head. At the outer 
end the water heads are machined on the inner eir- 


Figs. 74a and 74b. Motor and gear-driven boiler-feed pump installed with the 
10,000-kw. superposed unit; suction and discharge sides respectively 








cumference to form hook-like projections which will 
match similar projections on the head cover. When 
the cover is inserted and rotated through a small 
angle, the corresponding projections come into line, 
much the same as in the breech-block of a heavy can- 
non. The hydraulic load on the head cover is then 
carried by the mating projections of the water head 
and the head cover so that no bolting whatsoever is 
required for that purpose. The joint between the 
water head and cover is sealed on the outside with a 
gasket which is held to the water head by means of a 
bolted hoop flange and to the head cover with another, 
smaller-diameter, hoop flange. An external view of 
the high-pressure water heads is reproduced in Fig. 
76 which shows the 4th and 7th-stage heaters, evapo- 
rator, and 10th-stage heater during construction. 
An enveloping baffle around the tubes in the last 
water pass constitutes the desuperheat zone in those 
heaters receiving superheated bled steam. The envelope 


protects the heater shell from the hot steam and confines _ 


the steam to a definite path where it is out of contact 
with saturated or wet steam and wet tube surfaces. In 
its action the desuperheat zone is, therefore, that of a 
gas cooler, and under favorable conditions the feedwater 
is heated to a temperature somewhat exceeding the 
saturation temperature corresponding to the heater shell 
pressure. This, of course, favors the heat cycle of the 
plant. 

The self-sealing partition plates in the water heads 
are best understood by examining Fig. 75. The arrange- 
ment simply is one in which the friction loss through 
the heater tube bundle is utilized to hold the partition 
plate assembly together. Water pressure within the par- 
titioned spaces is lower than the pressure outside the 
partitions. Light bolting is used merely to assemble 





_ Fig. 76. Photograph during erec- 
tion showing the 4th and 7th-stage 
heaters, evaporator and |0th-stage 

heater 


Fig. 77. Construction view showing 

arrangement of feedwater heaters, 

evaporator, and boiler-feed pumps 
for 75,000-kw Unit 14 


the partitions and keep them in place when the unit is 
not operating. f 

Heaters for the 10th and 13th stages are built in 
the standard fashion, using bolted head construction. 
No desuperheat zones are provided in these two heaters 
since the entering steam is wet at all loads. 

Each heater is arranged for positive venting. A 
section of the tube bundle in the first water pass is 
baffied off to provide an ‘‘air-box’’ through which the 
non-condensible gas must pass as it leaves the heater. 
Since the baffled section is located at the bottom of the 
tube bundle any non-condensible gas that may exist 
in the heater will be swept toward it by the incoming 
steam and little, if any, stratification will occur. The 
upper sheet of the air baffle also provides a place where 
incoming drains from higher-pressure heaters may 
spread out and flash to facilitate complete deaeration. 
Fig. 77 shows the complete set of heaters and boiler- 
feed pumps as actually installed for 75,000-kw Unit 14. 

The drain-cooler is merely a low-pressure heat ex- 
changer operating with water on both sides of the tubes. 
It is supported in a novel way, shown in Fig. 78. In 
this picture the upper unit is the 13th-stage heater while 
the drain cooler is suspended below it by means of large 
flanged nozzles at the two ends. The mating nozzles at 
the right-hand end are dummies, installed only for sup- 
porting the drain cooler, while those at the left end not 
only support the drain cooler but also provide a small 
surge chamber in the drain circuit between the two 
units. 

EVAPORATORS 


All main turbines are equipped with evaporators for 
the production of distilled water for boiler-feed make- 
up. In each ease the normal evaporator capacity at 








Fig. 78. Erection view of |3th-stage 
feedwater heater and drain cooler 


Fig. 79. View of make-up evapo- 
rator from water supply end, show- 
ing feed valve and float chamber 
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rated turbine load is 114 per cent of the boiler feed at 
that load. Helical-coil tubes make up the heating sur- 
face in the evaporators on the 50,000-kw machines while 
bowed tubes are used in the newer unit. In both styles 
the tube ends are held in rigidly positioned manifolds 
so that expansion and contraction causes distortion of 
the tubes themselves, tending to crack off scale accumu- 
lations. Aside from the deflections which occur in regu- 
lar operation the evaporators are put through a ‘‘scale- 
shedding’’ cycle at least once per day. In this case the 
evaporator shell is drained and then filled with cold 
water to the top of the gage glass. Steam is then ad- 
mitted to the tube bundle as rapidly as possible. The 
resulting expansion of the tubes causes a deformation 
that effectively cracks off the scale which falls to the 
bottom of the evaporator shell, there to be blown out 
through blow-down valves. 

The normal steam supply to the evaporator tube 
bundle is taken from an extraction stage of the turbine. 
In the case of the 75,000-kw unit, steam from the 10th 
stage operates the evaporator while the evaporator vapor 
is condensed in the 13th-stage heater. A connection to 
the 7th stage provides steam at higher pressure for 
scale cracking, and for extra-capacity operation if 
required. 

Raw river water from the general-service system is 
supplied to the evaporator through a float-operated feed 
valve shown in Fig. 79. The head end of the evaporator 
may be seen in Figs. 76 and 77. 


Delray Plant 





Condensers and 
Their Auxiliaries 


HE CONDENSER for the 75,000-kw turbine is the 

first new condenser the Company has bought in sev- 
eral years. Modernization of Conners Creek was carried 
out by rather extensive improvements in tube sheet lay- 
out on the condensers already installed at that plant or 
available in salvage. How the condensers originally 
serving the 20,000-kw turbines were revamped for use 
on 30,000-kw units while condensers heretofore serving 
30,000-kw and 45,000-kw turbines were rebuilt to serve 
60,000-kw turbines was told at length in Combustion 
for May 1936. The importance of that story as it effects 
the Delray extension is that advancements in condenser 
theory and design which have been made and tried out 
during the last ten years are incorporated in the new 
condenser. These, together with collateral developments 
in chlorinating the cooling water supply and the reduc- 
tion of condenser steam rate through cycle improvement, 
allow the use of only 53,620 sq ft of surface in the 
75,000-kw condenser as compared with 60,000 sq ft in 
the older 50,000-kw condensers. Along with the re- 
duced amount of heat-transfer surface it is necessary 
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Interior view of 
connecting piece between 
circulating pump and con- 
denser inlet water box show- 
ing integrally cast guide 
vanes 


Fig. 80. Tube sheet and 
inlet water box of 53,620 sq 
ft surface condenser 


Fig. 81. 


to provide for only 67,000 gpm of cooling water as 
compared with 120,000 gpm on the 50,000-kw units. 
The reduced quantity of cooling water results in a 
substantial saving in auxiliary power. 

The arrangement of cooling surface within the con- 
denser shell is of utmost importance in obtaining the 
improved performance. Some 11,500 tubes, each 34 in. 
dia by 24 ft long are used in two ‘‘folded tube-banks’’ 
as shown in Fig. 80. Tubes 1 in. in diameter were 
used on all previous condensers to facilitate cleaning 
with rubber plugs. Modern chlorination largely elimi- 
nates tube fouling, however, and in this case the smaller 
diameter tubes were selected because they permitted the 
use of a smaller diameter condenser shell which could 
be better fitted to the space available in the turbine base. 
Internal air coolers with external off-takes are located 
at the bottom of the tube bundle on either side. Gener- 
ous steam lanes are provided for the incoming steam 
to penetrate the bundle, while adequate space has been 
left for free drainage of the condensate. Tubes are 
rolled into Muntz metal tube sheets at both ends. No 
flexible members are provided to accommodate the dif- 
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Figs. 82a and 82b. Manually oper- 
ated butterfly valve and hydraulic- 
ally operated gate valve used 
in circulating pump discharge on 
75,000-kw and 50,000-kw units 
respectively 





ferential expansion between tubes and shell, it being 
preferred to impose the expansion stresses on the tubes 
and tube sheets. There also may be some deflection of 
the tubes themselves, between support plates. The 
tubes are installed slightly bowed in the vertical plane 
with the high point midway of the length. This is to 
facilitate drainage of cooling water when the circu- 
lator is shut down. 

The condenser shell and ‘‘bath-tub’’ hotwell are of 
welded steel plate construction which reduces weight 
and eliminates many feet of bolted joints that were 
necessary in the older sectional cast-iron shells. Water 
boxes are of cast iron. The condenser shell and turbine 
exhaust hood are protected against pressures above 
atmospheric by the installation of a 48-in water-sealed 
atmospheric relief valve. Protection of this sort is con- 





Fig. 83. Steam jet air ejector for 75,000-kw. condenser. The sealing 
steam condenser for the 10,000-kw. superposed turbine is visible in 
the background 


sidered necessary to guard against the building up of 
internal pressure in the condenser in case of sudden 
failure of the cooling water supply. 

For many years it has been Detroit Edison practice 
to equip each main condenser with two 48-in circulat- 
ing water pumps. On the 50,000-kw machines the two 
pumps running simultaneously at full speed deliver 
120,000 gpm. The reduced quantity needed for the 
75,000-kw unit is just about the capacity of one of the 
48-in pumps running alone, and for the first time in 
the history of the large Detroit Edison machines, the 
unit is equipped with only one pump. Operating 
records for many years back showed that from the 
standpoint of reliability one pump is enough, and the 
economy of installing one large pump as compared with 
two smaller ones together with the ability to use dupli- 
eate spare parts for this pump and the many others 
like it prompted the single pump installation. 

Two other features of the hydraulic circuit are 
worthy of mention. One is the connecting piece be- 
tween the pump and condenser water box; the other 
is the pump discharge valve. The water inlet con- 
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nection pipe is made with integrally cast inside guide 
vanes. Without the vanes water would enter the box 
with a definite tangential component and set up swirls 
and eddys that would cause uneven distribution of 
cooling water to the tubes. The guide vanes are pro- 
portioned in such manner as to introduce the water 
into the box with uniform distribution across the face 
of the tube sheet, thereby supplying a full ration of 
water to each tube. A photograph looking into the end 
of the connecting piece is reproduced in Fig. 81 while 
a side elevation may be seen in Fig. 80. 

A 48-in shut-off valve of the butterfly type is 
installed at the discharge of the pump to guard against 
a possible back-flow of water through pump by siphon 
action in the hydraulic circuit. This valve is manually 
operated through a hand wheel and gears to bring the 
butterfly dise into contact with a rubber seat ring. All 
previous installations used 48-in hydraulically-oper- 
ated slide gate valves for this purpose. The two types 
of installation are compared in Figs. 82a and 82b. 


Air Evsector EQuIPMENT 


Out of twenty-three main turbo generators in the 
Detroit Edison system, the new Delray unit is only the 
second one to be equipped with a dry vacuum pump 
of the steam-jet type. All others have d-e motor- 
driven reciprocating vacuum pumps. The air ejector 
apparatus chosen for the Delray machine is a three 
element unit with three pressure stages per element, 
shown in Fig. 83. Capacity of the three elements 
working simultaneously is 1.65 lb of dry air per min- 
ute from an absolute pressure of 1 in. Hg. Steam used 


. by the jets is condensed in an inter-and after con- 


denser located in the main condensate circuit imme- 
diately after the hotwell pump. Inasmuch as the 
ejector must be put into operation before the main 
unit is carrying load, it was necessary to supply cool- 
ing water to the inter and after condenser by some 
auxiliary means. This is accomplished with a small 
by-pass from the boiler-feed pump discharge to stor- 
age. The lift pump and combination pump are started 
and the by-pass to storage opened to establish a flow 
of water through them. Then the ejectors are put into 
operation. As soon as the main unit has some load and 
there is an adequate flow of condensate the by-pass 
may be closed. The by-pass also may be used for close 
regulation of the pump at light loads, for artificially 
loading the pump during tests after overhaul, or for 
stabilizing operation when two or more pumps are 
running in parallel at light loads. When starting up 
the 75,000-kw machine it is possible to prime the con- 
denser either from the vacuum header or by means of 
a specially installed priming ejector. The latter is a 
large single-stage ejector rated at 21 lb of air per min 
from 15 in. Hg absolute. Steam used by the priming 
ejector at the rate of 2300 lb per hr is discharged to 
atmosphere along with the air it removes from the 
condenser. 

The fifth and concluding installment of this series 
will appear in the November issue. In it will be related 
some of the operating experiences with the equipment 
and operating cycle that have been discussed in the 
four installments already presented. 
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This article was written by the author for the benefit 
of a group of engineers in the Los Angeles Bureau of 


Power & Light who wanted a short outline of the meth- 
ods used in making impulse tests and the purpose of 
making them. Much has been written on this subject 
but Mr. Short's explanation is so simple and clear 
that we are pleased to present it here. It gives the 
operating engineer an idea of the theory and prac- 
tice involved in these tests without the necessity of 
wading through involved technical material. 


IMPULSE TESTS—What They 
Are And How They Are Made 


By CHARLES M. SHORT 


Design & Construction Division 


Los Angeles Bureau of Power & Light 


HE PURPOSE of impulse testing is primarily to 

enable operators to co-ordinate insulation levels. 
Its ultimate aim is to give some basis for predicting 
insulation breakdown and controlling the location of 
flashovers. 

The term ‘‘insulation co-ordination’’ means the 
establishment of insulation strength levels of appara- 
tus or parts of apparatus on a system so that they are 
related to one another and to the voltages to which 
they may be exposed. As an example, such tests may 
be made on transformers and oil switches to make 
certain that the bushings flash over before the insula- 
tion is punctured or the internal parts are damaged. 
Some of the parts of a transmission system which 
require consideration of relative insulation levels are: 
transformers, switches, station busses and transmission 
lines. 

Though simple in theory, successful application of 
insulation coordination has required years of research. 
Both laboratory and field experience has proved that 
equipment properly co-ordinated for one type of over- 
voltage, such as produced by arcing grounds, switch- 
ing, etc., may not be co-ordinated properly for the 
type of overvoltage produced by lightning. Experi- 
ence within the past few years has demonstrated that 
the most dangerous abnormal voltages are caused by 
lightning. Switching surges and arcing grounds are 
now recognized as of secondary importance in terri- 
tory subject to lightning. 

Wave shapes of surge voltages resulting from 
lightning disturbances on line conductors have been 
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found to vary between the wide limits of from less 
than one to fifty micro-seconds from zero to crest 
voltage and the voltage may vary from a few thousand 
to over a million volts. The maximum voltage reach- 
ing the stations at the ends of a transmission line is 
determined by the insulation level of the line together 
with the tower-footing resistance. 

Since the breakdown voltage of various insulating 
materials varies considerably with the type of impulse 
potential applied, it is apparent that tests at standard 
power frequencies would not be indicative of what 
might be expected under operating conditions. In 
order to be effective, surge tests must be made with 
surge waves closely approximating those to which the 
equipment will be subjected under operating con- 
ditions. 

Systematic efforts at insulation co-ordination may 
ke said to date from about 1926. Previous to that time 
most high voltage testing had been done at standard 
power frequencies because facilities for producing and 
recording surge voltages were not generally available. 
Static machines producing high voltages at low energy 
had been available for many years, but the violent 
disruptive effects of natural lightning were not repro- 
duced until recently when methods were found for 
releasing. abruptly large quantities of energy pre- 
viously stored in capacitor units of high ratings. With 
the equipment available at present the duration of the 
discharge is limited to a few micro-seconds. 

The problem of producing surge voltages was 
probably not so difficult as the problem of developing 
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EQUIPMENT 


a method of recording the extremely fast impulses. 
The high inertia of the magnetic oscillograph made it 
unsuitable for such purposes. The principle of the 
cathode ray oscillograph had been known for many 
years previous, but it was not until 1925 that it was 
improved and made suitable for this type of work. 
Several types of generators have been developed 
for producing surge voltages. The most common is 
the Marx-Circuit type. Essentially, it consists of 
several condensers arranged for charging in multiple 
and discharging in series. A simplified schematic dia- 
gram of the circuit is shown in Fig. 1. The values 
of resistance R3 and R4 and rectance X determine 
the shape of the impulse wave. The rod gap G is a 
co-ordinating gap used for limiting or checking the 
magnitude of the applied voltage. Resistances R1 and 
R2 form a potentiometer arrangement for applying 
only a portion of the full voltage on the deflection 
plates. : 


Each capacitor unit is usually rated at about fifty - 


thousand volts. The crest voltage value is controlled 
by the numbers of units in series and by the length of 
time they are charged. The maximum voltage which 
may be obtained depends on the number of units in 
series and is limited by the practical limitations of 
insulation. Voltages as high as ten million volts have 
been attained. 

The current which may be obtained from a surge 
generator depends on the capacity of the units, 
method of connection and length of time involved in 
the discharge. At low voltages the units may be con- 
nected in multiple to obtain higher currents. Since 
the energy stored in a generator is completely dissi- 
pated in each discharge it is obvious that the current 
is in inverse ratio to the time involved in the discharge. 
Currents of fifty thousands amperes at five million 
volts have been recorded; the discharge lasting only 
ten millionth of a second. This is equivalent to about 


Fig. 2. Standard Waves for Impulse Testing 
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OSCILLOGRAPH 


Fig. |. Impulse Test Circuit. This 
is a simplified schematic diagram. 
The value of the resistance R3 and 
R4 and the reactance X determine 
the shape of the impulse wave. The 
rod gap G is a co-ordinating gap 
used for limiting or checking the 
magnitude of the applied voltage 


twelve million kilowatts of power, or approximately 
equal to the average output of all utility power plants 
at the present time. 

The oscillograph is calibrated by applying a known 
voltage to the plates and noting the amount of de- 
flection. If the voltage per inch deflection is e volts, 
then the actual voltage E of the surge can be caleu- 


de Rl + R2 


lated by the formula E = 
R2 


, where d is the 
deflection in inches. 

The charging equipment consist of a transformer 
and a rectifier tube operating at about 50 kv. The in- 
stant of discharge is controlled by short-circuiting the 
sphere gap A. 

In order to permit comparison of test results the 
A. I. E. E. has designated three standard types of 
surge waves to be used in testing. These are 1x5, 1x10 
and 1.5x40 micro-second waves. The first figure de- 
notes the time interval required to reach crest voltage 
and the second figure determines the length of time 
required for the voltage to decrease to one-half crest 
value. Both intervals of time are measured from the 
instant voltage is applied. The time interval is ob- 
tained from the oscillograms by comparison with a 
timing wave of known frequency. A graphical repre- 
sentation of the three wave forms is shown in Figure 2. 

Among some of the factors affecting insulator im- 
pulse sparkover are: 

1. Shape of wave 

2. Polarity of impulse 
3. Barometric pressure 
4, Humidity 

A wave with a steep front and rapid decrement 
requires a higher crest voltage for flashover than a 
wave less steep and of more duration. As an example, 
a 0.5x5 micro-second wave on insulator units will give 
a minimum crest voltage flashover value of about 50 
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per cent above 60 cycle voltage flashover. Under 
those conditions the flashover is accomplished after 
about 3 micro-seconds time. Raising the crest voltage 
will, of course, reduce the length of time for flashover. 
A 1.5x40 micro-second wave will give a minimum crest 
voltage value of approximately 10 per cent above 
60 cycle voltage flashover. The positive wave flash- 


over voltage is lower than the negative. In specifying - 


tests it is therefore important to state which polarity 
is to be used. Low barometric pressure and low 
humidity tend to reduce the value of flashover voltage, 
but the effects are so slight that these factors are not 
considered except in very precise testing. 

There are two standard methods of testing usually 
employed. One is to apply an impulse potential and 


- 

- 
- 
« 
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Fig. 3. A ten million volt impulse generator in action. This unit in- 
stalled at the Pittsfield Plant of General Electric is similar to the unit 
being demonstrated at the New York World's Fair 


determine the time for flashover. This is called the 
‘‘volt-time’’ method. The second is to apply waves 
of different shapes and determine the minimum volt- 
age which will just cause flashover 50 per cent of the 
time. This is called ‘‘the minimum wave, 50 per cent 
sparkover’’ method. 

The’ 1.5x40 micro-second wave is generally re- 
garded as satisfactory for use where it is desired to 
study voltage-time relations. Waves for this test are 
usually specified as 1.5x40 3 micro-second. This indi- 
cates that it is desired to know the minimum crest 
voltage at which a wave of that shape will cause flash- 
over in 3 micro-seconds; timed from the initial appli- 
eation of voltage. A graphical representation of such 
a wave is shown in Figure 4. 

In testing equipment having very low values of 
capacitance, such as a circuit breaker, the surge 
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Fig. 4. 1.5 X 40—3 micro-second wave 


generator constants can be adjusted beforehand to 
give the desired wave shape. Insertion of the test- 
piece in the circuit will not cause an appreciable 
change in the wave shape. That would not be true, 
however, in testing a piece of equipment having high 
capacitance, such as a cable. In that case a special 
circuit adjustment, taking into account the capacity 
of the test-piece, would have to be made. 

Considerable advancement has been made in the 
technique of surge testing in the past ten years and 
research in that field is still being made. Nearly all 
large manufacturers of electrical equipment, some 
power companies and a few universities have facili- 
ties for making such tests. On the Pacific Coast 
Caltech and Stanford University have well equipped 
labortories for making surge tests. 


Sewer Gas Engines Help Clean Up 
New York Harbor 


Propucts of the Worthington Pump and Machinery 
Corporation have been quite prominent among the 
equipment furnished to the City of New York’s new 
sewage disposal plants at Coney Island, Ward’s Island, 
and Tallman’s Island. 


The latter is the largest sewage treatment plant in 
the United States using internal combustion engines 
which operate on sewage sludge gas. Where sewage gas 
engines have been used previously they have been de- 
signed for electric power generation, but in this in- 
stallation four Worthington engines, two of 845 hp. 
and two 460 hp. each, are directly connected to rotary 
blowers, and four smaller Worthington engines, 
through a system of gears, drive the raw sewage pumps, 
also built by Worthington. 

To secure quality nickel alloys were widely specified 
in these engines to assure the strength, wear-resistance 
and stamina essential to the continuous operation de- 
manded in this job of keeping the harbor waters free 
of pollution. A high test cast iron containing nickel 
is employed for cylinder heads, liners, pistons, valves 
and casings, and important uses are also made of nickel 
alloy steels, both cast and wrought. 

The large timing gears in the Roots-Connersville 
blowers which form part of this installation are cast in 
a machinable nickel-chromium iron of over 40,000 p.s.i. 
tensile strength. 
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Educating The 
Power Plant Operator 


By EARL W. MAURER 


Lock Haven Mills 
New York & Pennsylvania Co., Inc., 
Assistant Station Operator, 


UCH has been said and written, in recent years, by 

executives of power companies and industry, by 
editors of the leading power journals, and by various 
members of the engineering societies, concerning the 
urgent necessity for a satisfactory power plant educa- 
tional program that will meet the needs of the men who 
constitute the operating personnel of the nation’s 
power industry. 

Much progress has been made along this line, both 
by the utilities and by the big private industrial con- 
cerns. Present indications are that the immediate 
future will witness a very large growth in educational 
programs, not only among the big companies but the 
smaller ones as well, who, unfortunately for years past, 
have not had the time nor the financial means, and in 
some eases lacked the initiative to carry them out. 


ProGRAM NEEDED IN INDUSTRIAL PLANT 


The writer’s ideas on an educational program for 
the power plant operator are based primarily from the 
industrial plant point of view, since it is in this type 
of plant most of his experience has been gained. 

There are many daily problems faced both by utility 
and industrial operators that have a common solution. 
There are, however, many others whose factors are so 
changeable that no similarity exists. Now and then, 
abnormal conditions arise in the various processes of 
manufacture within the industrial concern which seri- 
ously affect the stable operation of the machinery in the 
power plant. The responsibility of meeting these situ- 
ations quickly and efficiently rests with the operator 
on duty. His brain must move at least two jumps 
ahead of his hands or his feet. If it does not, he soon 
becomes a mere leaf in a windstorm of chance. An 
educational program, whose main objectives are in pre- 
senting efficient yet simple solutions to these everyday 
problems, is what the power plant operators are look- 
ing for. 

Traditional methods of operation, which have long 
become habitual in many power plants, are rapidly 
being superceded by modern ones. These methods must 
be synchronized with modern thinking. The wide- 
awake operator is keenly aware of this fact. He must 
know the answers to a diversity of problems which have 
come up in the last few years as a result of the changes 
made in power plant equipment and its operating pro- 
cedure. The recent advent of high-pressure, high-tem- 
perature steam to both the utility and industrial power 
plants bringing with it new types of steam generating 
equipment, new types of turbines, new types of auxil- 
iaries, is but one of the many of these changes. An 
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operator’s past experience in successfully operating 
the old equipment is no absolute guarantee he will like- 
wise operate the new. He must be thoroughly trained. 

No educational program would be complete if pro- 
vision was not made to teach the practice of safety 
first to all members of the operating staff. Improper 
operation of new and unfamiliar power equipment can 
often lead to serious and costly accidents, both to the 
operator and the machinery. Taking a flying chance 
on operating such equipment is, in the writer’s opinion, 
courting suicide. It is absolutely necessary that the 
operator be given as complete instructions as is possible, 
either from the management or the equipment manu- 
facturers, concerning the correct methods for safety in 
operation. Emphasizing, also, the constant practice of 
keeping power machinery. clean, is a splendid advertise- 
ment in safety first. An ounce of prevention being 
better than a pound of cure, is the cure. 

It has been the writer’s experience in talking with a 
number of power plant operators, that the overwhelm- 
ing majority of them are in favor of some type of edu- 
cational program to help them in their work. In one 
instance, the proof of this was remarkably demonstrated 
in the industrial power plant where the writer is at 
present employed. 


PREPARATIONS OF OPERATORS FOR NEw EQUIPMENT 


This company’s decision to increase steam pressure 
temperature and generating capacity in one of the boiler 
houses, and to build a completely new, modern, turbo- 
generator room was followed by a personal decision on 
the part of the head of the steam department to conduct 
a series of class discussions with the operators on the new 
setup. This was begun about four months before the 


“new turbine room went into operation. This gave the 


operating staff an opportunity to learn the multitude of 
revised operating methods incorporated in the new de- 
sign. 

Classes were held once a week during the winter 
months of 1937-38 in the auditorium of the company’s 
club house, beginning with a general discussion of all 
steam generating equipment and auxiliaries, both new 
and old, and their proper method of operation. This 
was followed by a series of detailed discussions on every 
piece of equipment installed in the new turbine room. 
Emphasis being stressed upon their proper care and 
safety in operation. The new extraction system, which 
supplies bled steam from the turbines for process use 
in the paper mills and for feedwater heating, received 
particular attention. 

Since the classes were held jointly for both the 
boiler room and turbine room operators, much better 
results were obtained. Each had an opportunity to 
understand the other’s problems. Questions were asked 
by both sides and were answered—if humanly possible. 
Worthwhile ideas from the operators were welcomed 
and a number were presented. Time has proved that 
the results of this educational program has justified 
the endeavor. It has paid dividends both to the com- 
pany and to the operators. 

An educational program to suit the needs of the 
operator in any power plant can be made successful. 
All it takes is cooperative effort, a simple understand- 
able schedule, effectively applied at the right time. 
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HOW IT WORKS? 


Last month one of our readers asked 
for assistance in devising a 5 day, 40 hr. 
week work schedule. He told of the dif- 
ficulties his present work schedule in- 
volved and wondered whether we could 
help him in working out a new system. 

This question was presented in the 
"Question and Answer" section of the 
August issue. We thought that among 
our many readers there might be some 
who could offer "J. M." the benefit of 
their own practical experience along this 
line and we were not mistaken—there 
were. We did not, however, anticipate 
the overwhelming response to this re- 
quest for help. While we were able to 

ublish only one reply in this issue, we 
a0 received dozens of letters and they 
are still coming in. Many of these replies 
indicate that they realize the difficulties 
"J. M." is “up against" and express their 
willingness to be of help to him. 

We take pleasure in citing this in- 
stance to show how the Practical Engineer 
can be of help. By the time this reaches 
print, J. M. will have all the data for an 
adequate and satisfactory solution to his 

roblem and the published answers in 
ture issues may be of further help to 
others confronted by similar problems. 

Remember, as an operator in a power 
plant, you are in a position to give as 
well as receive information from this sec- 
tion. The more it can be made an "open 
forum" the better we will like it, and we 
know you will too. Furthermore, if there 
are things in it you do not like or don't 
agree with, don't let that stop you from 
writing. Tell us—we can take it. 


Mounfains, Turtles, and Engineering 
For the Plant Electrician 
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MOUNTAINS, TURTLES, 


MONG the numerous vices which 

the writer has acquired in the 
course of time there is one which, 
when it manifests itself, never fails to 
arouse consternation among his ac- 
quaintances. From their viewpoint it is 
a strange malady for which there is no 
accounting. 

Every year, at approximately this 
time of the year he suddenly disappears 
from civilization. The last his friends 
see of him, he is walking off with a 
strange looking pick in his hand, a coil 
of rope around his shoulder and 
dressed in a curious array of heavy 
woolen clothes—in July, mind you. 

To be sure, by this time most of 
them know that he is off to go moun- 
tain climbing in the Canadian Rockies 
but, sensible people that they are, they 
still shake their heads and, though they 


“es, 





The Last They See of Him 


try to pass it off lightly, they regard 
him with much the same mixture of 
pity and compassion that they feel for 
the inmates of an insane asylum. The 
only difference between him and the 
inmates of the booby-hatch, they feel, is 
that he is still loose. 

Under ordinary circumstances these 
things would not be mentioned here 
-but it so happens that your editor has 
just returned from one of these so- 
journs in the mountains and the oppro- 
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Post vacation thoughts and other things. Why 
editors climb mountains or do they? Theory and 
practice in sports and in engineering. The relation 
of fishing to engineering. Finally, mud turtles— 
how they can be made stepping stones to success. 


AND ENGINEERING 


brium in which he is regarded hangs 
heavy upon his head. The sly glances 
of his associates, the knowing winks to 
each other, the obviously forced species 
of humor with which they greet him 
upon his return cause him to wonder 
whether they may not be right. After 
all, he cannot answer their first and 
simplest question—“Just why do you 
climb mountains?” | 

Somehow the question reminds him 
of the time worn joke about the man 
who had spent 50 years tapping the 
wheels of the railroad coaches as the 
trains stopped at stations. Learning of 
this remarkable record of service an 
admiring traveler stopped to congratu- 
late him and then as an afterthought 
asked, “And just why do you tap the 
wheels with your hammer?” To which 
the answer was, “Well, I'll be durned 
if I know.” 

So too with mountain climbing. 
Why do people climb mountains? Hon- 
estly we can’t tell you because we don’t 
know ourselves. 

But why do people do anything? 
Why do some people play golf? Why 
do others drive frantically from one 
side of the continent to the other when 
they might be sitting leisurely and 
comfortably at home? Why don’t they 
stay home and work? 

After all, there seem to be some 
sensible people in the world; Dan 
Gutleben, for example, of whom we 
wrote last month. When Dan goes on 
a vacation do you suppose he goes 
clambering up the sides of rocky cliffs 
or wears himself out trudging over 
endless glaciers and snowfields? Not 
on your life. He goes out visiting other 
sugar refineries. Why? Don’t ask us, 
ask Dan—maybe he can tell you and 
again maybe he can’t. The only real 
answer probably is, that he is made 
that way. 





Do That ? 


a 


Why Do People Climb Mountains? 








Mountaineering may be an outland- 
ish sport to many people, but to the 
writer it offers the exhilaration and op- 
portunity for accomplishment required 
by certain inborn traits, and in some 
respects it resembles engineering. Like 
engineering, mountaineering has both 
a theoretical as well as a practical side. 
The writer knows a number of excel- 
lent technical mountaineers—men (and 
women, too) who are experts in the 
technique of climbing. This type of 
skill and knowledge is very necessary, 
but there is another side to climbing 
which demands qualities of a different 
order—practical qualities involving en- 
durance, patience, and the ability to 
accept defeat in good spirit. The best 
mountaineers, naturally, like the best 
engineers, are those endowed with a 
well balanced measure of both quali- 
ties. Arm chdir mountaineering, while 
quite sufficient for a winter evening’s 
pastime, is quite inadequate when it 
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comes to making a first ascent of a 
major peak. 

The same thing of course is true in 
engineering. There are many fine, tech- 
nical engineers capable of working out 
a difficult engineering problem on 
paper with remarkable precision. Such 
men are very necessary and many of 
the major developments in engineering 
are due to their skill and knowledge. 
Yet, when confronted by a practical 
problem which does not conform to 
those set forth in the text books, these 
same men are often quite helpless. In- 
deed, a letter which comes to us as 
these very lines are being written tells 
of an engineer who was asked by a 
member of the operating department 
whether a certain pump could be used 
for a certain type of service. After 
figuring for three days this engineer 
called back the operating department 
and told them that it was impossible. 
Whereupon the operating department 
said “the heck it is,” we have had the 
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He Caught a Strong Healthy Four 
Pounder 





pump connected and are running it. 

The qualities which make a good 
practical engineer are often as inborn 
as those which make a man a good 
mountaineer, or a good farmer, or in- 
deed one proficient in any field of 
human endeavor. 

All of which reminds us of the story 
of a young man who rode to success 
on a turtle. The turtle, however, as 
will be apparent from the following, 
was quite incidental—the young man 
obviously had the qualities which 
would have “got him there” anyway. 

About 1896 in Erie, Pa., the Erie 


Electric Motor Co. of Erie, Pa., oper- 
ated a street railway which was served 
by a power plant consisting of ap- 
proximately five 150 hp. boilers, one 
500 hp. Ball engine and three 200 hp. 
tandem compound engines, running 
condensing. Water for boilers and con- 
densers was taken from the _ lake. 
Around the intake was a crib. This 
water flowed from intake in crib 
through a 10 in. line about 1200 ft. to a 
reservoir, from which if was pumped 
to the power plant. In time this 1200 
ft. line choked up with mud,—barely a 
trickle came through. This necessi- 
tated cutting in on city water and the 
cost of such service was over $300 a 
month. 

Meanwhile, for about 15 months, 
various things were done to open the 


_ clogged line. Under the direction of 


Jos. F. Brady, vice president, and H. F. 
Willron, general manager, various 
methods were tried. The use of air 
and steam at moderate pressure was 
given up after a few attempts because 
there was fear of blowing up the line. 

Meanwhile, in the power plant was 
a young man who had been in the em- 
ploy of the company since he was 
fourteen. First, he had worked as con- 
ductor; then, at his own request, he 
was put into the power plant—he 
wanted to be an engineer. At this 
juncture he was an oiler. Also he was 
red headed. When we tell you his 
name was Nelligan, you'll know he 
was a young man of promise. 


One day V. P. Brady suggested to 
the oiler that he would like it if he 
would set his thoughts to working up 
a scheme to open that clogged water 
line. Knowing the history of the vari- 
ous attempts that engineering and 
managerial heads had tried, only to 
meet defeat, Nelligan suspected the re- 
quest was made jokingly and so told 
Mr. Brady, “Surely you’re foolin’.” 
Brady said he was serious and really 
wanted him to think upon it. 

A month or so later, Nelligan went 
fishing, caught a fine, strong, healthy 
four pounder and landed him quickly. 
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—Then Lifted the Turtle Up to the Intake of the Pipe 








Then he thought, “By golly, you're 
strong enough to wiggle your way 
through that long pipe,” and he was 
struck with the realization that maybe 
he had an idea. But, no, only a bare 
trickle of water came through the pipe. 
It was filled with mud—not water. A 
fish would smother in mud. Mud— 
MUD—By golly, a mud turtle! 

A few miles up the lake shore lived 
an old recluse. He fished—also he dug 
for turtles. He had two—one slightly 
larger than the other. Nelligan insisted 
on paying a dollar for them. He took 
them home; drilled four holes near the 
corner of the top shells, wired on each 
a halter, similar somewhat to the halter 
boys used to put on kites, then he 
wired the turtles together in tandem— 
the smallest one in the lead. 


He then got 1800 ft. of trawling 
line, a little heavier and stronger than 
No. 18 dark C wrapping twine, and 
wound this on a reel. With the reel, 
line and turtles in a basket he went 
down to the intake crib in the lake. 
He let the turtles out onto the sand in 
the crib, attached the trawling line to 
both halters, then lifted the turtles up 
to the intake of the pipe line. This in- 
take was below the lake surface level 
about 1 ft. It ran straight down about 
414 ft. and elbowed to the 1200 ft. line 
to the reservoir. As the turtles trav- 
eled he reeled out the line. A few feet 
in they stopped. He remembered if you 
pulled a calf’s tail he would run for- 
ward. Gently he twitched and pulled 
the line. Then he had to “pay out”. In 
seven hours they got through to the 
reservoir. 

The turtles had carried the trawling 
line through. They were unhitched; a 
slightly larger rope was pulled through 
by the trawling line; finally a cable 
and brushes and the line was in service. 


V. P. Brady deposited a thousand 
dollars in the bank to send Nelligan to 
an engineering school. Entrance ex- 
aminations stuck him—so he had a 
tutor, the late Professor Burns, teacher 
of Civil Government, Central High 
School, Erie. Mr. Nelligan is the D. J. 
Nelligan, 228 W. Second St., Erie, and 
chief engineer of Schaffner Brothers 
Co., meat packers, of that city. 

Years later in order to tap a sewer 
at his home, builders had to pipe 
around one shoulder of a large boulder. 
Through insufficient “fall” the sewer 
finally clogged. A “snake” could not 
be put through because of this “detour” 
in the line around this boulder. Mr. 
Nelligan trapped a mouse and kept him 
two weeks, meanwhile building out of 
piano wire a harness. To this harness 
he attached a spool of strong black 
thread he had waxed. On a Saturday, 
the children home and all a twitter, he 
put Mr. Mouse in the drain, paying 
out line as needed, and when a stop 
was made he would pull gently, then 
on the mouse would run. The children 
were watching the other end. He said 
the whole neighborhood knew when 
the mouse got through. 

It may well be said that a turtle 
took this engineer to success. 
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Electric Service 
Entrance and Metering 


THE “SERVICE ENTRANCE” for receiving 
service from the utility supply system 
is the “gateway” through which the 
electric supply enters the wiring sys- 
tem in homes, factories, and business 
houses. The service entrance includes 
a cabinet containing the main discon- 
nect switch and fuse for the protection 
of the wiring system, the conductors 
extending from the service cabinet to 
the outside of the building and provi- 
sion for the meter. 

The old style service entrance em- 
ploys the use of an open outlet consist- 
ing of rubber covered wires which 
emerged through the outside wall in 
porcelain tubes. An open meter loop 
with an exposed knife switch and fuse 
block was generally mounted on a wood 
board. With the introduction of con- 
duit for enclosing the service conduc- 
tors, came the development of enclosed 
safety service switches. 

During a period of years, numerous 
changes were made in service switch 
design, mostly due to the varied require- 
ments of the utilities for accessibility 
of main fuses and for meter testing fa- 
cilities. The object of all interests was 
to provide maximum possible safety 
so as to minimize exposure to shock 
when replacing fuses and to reduce fire 
hazards. 

As pointed out in a recent issue of 
the Union Electric Magazine by R. A. 
Lea, many utilities experienced difficul- 
ties in obtaining meter readings on the 
premises. This led to the placing of 
the meter in an outdoor box where the 
meter would be accessible at all times. 
In 1931 the National Electrical Code 
recognized the placing of the meter 
ahead of the main switch and fuse and 
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this metering was called the “New 
Meter-Switch-Fuse Sequence.” 

Meter sequence merely means the 
order or sequence in which the switch, 
fuse and meter are connected to the 
supply line. From the beginning ex- 
perience has proved the merit of placing 
the switch ahead of the fuse but not 
necessarily ahead of the meter. There 
are only three meter sequences, which 
are: 
Switch-Fuse Meter (the old se- 
quence). 

Switch-Meter-Fuse (called the modi- 
fied sequence). 

Meter-Switch-Fuse (the new se- 
quence). 


SWITCH FUSE METER 


SERVICE TO LOAD 


LINE 


THE OLD SEQUENCE OF SWITCH - FUSE~- METER 


SWITCH METER FUSE 


SERVICE TO LOAD 


LINE 


THE MODIFIED SEQUENCE OF SWITCH~ METER — FUSE 


METER 
SERVICE >, p TO LOAD 
LINE 


THE NEW SEQUENCE OF METER SWITCH ~FUSE 


SWITCH FUSE 


Fig. 2. One line diagram of meter sequences 


The old sequence of switch-fuse- 
meter was the first used and remained 
in vogue for many years, The switch- 
meter-fuse sequence came into use in 
1930 and although in the direction of 
progress, it did not entirely accomplish 
the desired results in protection and it 
further tended to complicate unneces- 
sarily the service equipment. The new 
meter-switch-fuse sequence with meter 
outside the building has advantages to 
both consumer and utility which makes 
it the most desirable sequence. The 
meter is separated from the service 
switch, permitting the use of simplified 
service equipment and resulting in a 
safer installation. Better public rela- 
tions result from the fact that the utility 
employee does not have to enter the 
home or disturb the customer for read- 
ing, testing or inspection of the meter. 

The new meter sequence requires 
the use of special equipmen: such as 
enclosures or bases for socket type 
meters which are furnished by the pub- 
lic service company and installed by 
the wiring contractor at the time the 
building is wired. Metering devices 
are installed on the outside of the 
building except in cases of multiple 
metering where it is necessary to group 
the devices inside. Service entrances 


should of course, at all times comply 
with the rules of the National Electri- 
cal Code insofar as the character and 
size of conductors used is concerned 
and as regards splicing. These vary 
somewhat for different types of load 
and service so it is always well to look 
them up so as to be sure that they are 
complied with. 


Notes on Motor 
Maintenance 
By Thomas Trail 


WHEN disassembling motors it is ad- 
visable to carefully mark the various 
leads and parts so as to avoid the pos- 
sibility of making a mistake when reas- 
sembling the motor. The motor leads 
should be marked with small tags so as 
to identify them when the motor is re- 
connected. These small tags, made of 
cardboard, may be purchased for a small 
sum of money in stationery stores. Tags 
should also be used to mark brush leads, 
if the motor is so equipped and if they 
are to be disconnected from the brush 
holders. The field coil leads should be 
marked too, if they are to be discon- 
nected. 

Other details of the arrangement of 
parts should be noted and marked on a 
sheet of paper, or preferably cardboard, 
because it is more durable. Sometimes 
the end bells of the motor may have been 
previously shifted from their normal po- 
sition because of the manner in which 
the motor has been mounted. Some other 
details may be: the number of washers, 
if any, on each end of the rotor shaft; 
the position on the shaft of the pulley, 
gear or other part, if one is present; the 
position of the brushes if the motor is 
so equipped, and the amount of rotor end 
play. 

ReMovinG Rotors FRoM Morors 


Before attempting to remove a rotor 
from an electric motor it should be care- 
fully noted in what direction the rotor 
should be moved through the stator if 
it is necessary that it be moved in only 
one direction. Caution in this regard may 
prevent serious damage to the windings 
of either the rotor or the stator. Some 
motors are equipped with a rotor fan 
that is of such diameter that it will not 
pass through the stator between the field 
coils. 

The writer helped to disassemble a 
40 hp. d. c. motor recently and it was 
noted at the time that the ends of the 
armature coils, opposite to the commuta- 
tor end of the armature, were so shaped 
that they would not pass through the 
stdtor between the field coils. 

Caution should be exercised at all 
times when handling rotors. It is very 
easy to damage the insulation of rotor 
coils if they are permitted to strike ob- 
jects. 

Recently a d. c. motor-generator rotor 


. had been sent to the shop to have the 


commutator turned down. When it was 
returned it was placed on two wooden 
trestles for the purpose of undercutting 
the commutator segment mica insulation. 
In placing the rotor in position on the 
trestles some of the insulation on a 
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couple of the armature coils was dam- 
aged. It was then returned to the 
shop for repairs to the coil insulation. 
This unnecessary extra work could have 
been avoided had more caution been ex- 
ercised in handling the rotor. 


Calculating Temperature 
from Resistance Changes 


By Eugene George Key 
and Michael J. Coppola 


SOMETIMES IT becomes convenient to 
find the temperature of a piece of elec- 
trical equipment, particularly when that 
equipment is being tested for its tem- 
perature rise characteristics after a pe- 
riod of use. Testing the temperature 
with a thermometer or with a thermo- 
couple or pyrometer gives the tempera- 
ture in only a few isolated places. The 
best average that is possible by this 
method is the average of several read- 
ings, some or all of which may be influ- 
euced by air currents or for some other 
reason will be only an inaccurate ap- 
proximation. 

One engineer must have realized the 
deficiency of this method when he de- 
rived a formula for calculating the 
change in temperature when the change 
in resistance is known, but he applied his 
formula for only one kind of material— 
standard annealed copper—and for only 
centigrade temperatures. Although this 
application covers the majority of places 
where it could be used, there are occa- 
sions where a more extensive application 
would be convenient. 

_This formula considers the fact that 
the resistance of materials decreases in 
definite steps as the temperature is low- 
ered. This is not strictly true, but it is 
true within a very small variation that 
is never considered in practical calcu- 
lations. The resistance of copper, then, 
if the temperature is lowered sufficiently, 
would become zero at some temperature 
determined by a straight line which 
marks the change in resistance over a 


range of temperatures. In standard an-. : 


nealed copper, the resistance would, the- 
oretically, become zero at 234.5 deg. C. 
below. zero. Actually, the resistance 
liné-curves before it reaches this temper- 
ature, but this curvature takes place at 
a temperature far below that obtainable 
except in processes such as liquification 
of air. 

Neglecting this resistance curvature 
for all materials, we may use the form- 
ula: 

Ri M+T; 
a (1) 
Re M-+Te 


where Ti is the temperature at which 
the resistance is first measured, Ry is 
the resistance at this temperature, Te is 
the temperature required, Re is the re- 
sistance at this temperature and M is the 
numerical value of the temperature at 
which the material in question would 
theoretically have a resistance of zero 
ohms. M for standard annealed copper, is 
234.5 in C degrees. This formula uses the 
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geometrical law that the corresponding 
sides of two similar triangles are propor- 
tional. Ry and Re are corresponding 
sides and M + T; and M + Te are also 
corresponding sides of similar triangles, 
as indicated in Fig. 1. In this formula, 
M is always used as a positive number, 
but Ti and Toe are positive only if they 
are temperatures above zero and negative 
if below zero. 

Suppose, for example, the resistance 
of a piece of electrical equipment is 10 
ohms. It has not been used for some 
time, so the 10 ohms is measured at room 
temperature of, say, 20 deg. C. After it 
is used for a time, the resistance has in- 
creased to 10.5 ohms, and the new tem- 
perature of the equipment is desired. The 
conductor is steel wire, whose resistance, 
according to Table I, theoretically is zero 
at —215.3 deg. C. M, therefore, from 
the table, is 215.3. Inserting the values 
in (1): 


10 215.3420 


10.5 215.3-+Te 
from which T2= 31.77 deg. C. 


Table |—Temperature Constants for Con- 
ducting Materials 








Temperature 
Constants 


(M) 
Conductor F G 
Silver, pure annealed. .405.6 243.1 
Copper pure annealed. .385.6 232.0 
Copper, annealed 249.3 
Copper, hard drawn... .417.4 249.7 
Copper, standard 
annealed 
Aluminum (99.5% 
pure) 
Aluminum (commercial 
97.5% pure) 
Iron (approx. pure)... 
“E.B.B.” iron wire.... 
“B.B.” iron wire 
Nickel 
Tin (pure) 
Steel wire 





234.5 
235.3 


228.4 
159.9 
213.8 
215.4 
160.1 
225.1 
215.3 





Table I shows values of M for both 
Centigrade and Fahrenheit scales. Use 
of these values will simplify calculations 
in the same way as in the problem illus- 
trated. Should other materials be used 
that are not included in Table I, the 
value of M may be found by the formula: 


RiT2— ReTi 
io —_..- (2) 
Re—Ri 


For pure annealed silver, in Table I, the 
value of M is given as 243.1 in Centigrade 
units. This value was found in the fol- 
lowing manner: 





mM 4 


Pure annealed silver with a resistance 
of one ohm at 20 deg. C will have a 
resistance of .924 ohms at 0 deg. C, 
since its resistance decreases .0038 ohm 
per degree. Inserting these values in 


(2): 
(.924) (20) — (0) (1) 
= = 243.1 


M = 
076 


Notice that M is found to be positive, 
which means that it is a value below 
zero. If it has been found to have a 
negative value, the theoretical tempera- 
ture at which the resistance would be 
zero would be above zero and the form- 
ula might be useless unless the value 
was far above the ordinary working tem- 
peratures. 





Converting Centigrade 
and Fahrenheit 


By Stanley F. Davis 


IN READING the various technical mag- 
azines and text books that I have had 
occasion to refer to, I have often won- 
dered why the following method of con- 
verting the readings of the Centrigrade 
and Fahrenheit temperature scales were 
not shown. 


C=5/9 (F + 40) —40 
F=9/5 (C+ 40) —40 


where C—reading of Centigrade scale 
F =reading of Fahrenheit scale 

The advantage of the above method 
is that you have only to remember that 
40 is added to the reading to be con- 
verted then multiply by the proper factor 
5/9 or 9/5 and then subtract 40. 

With the usual method shown in the 
text books and trade periodicals one for- 
gets if the constant 32 is added or sub- 
tracted before or after using the conver- 
sion factor. 

The first method leaves no doubt— 
you always add 40 first, then multiply by 
the factor and finally subtract 40. 


Preventing Corrosion of 
Underground Cables 


By W. E. Warner 


Corrosion of underground cables 
drawn into ducts is sometimes serious. 
The British Post Office Department uses 
petroleum jelly as a lubricant when draw- 
ing in. This has been thought to assist 
corrosion, but it was found that if a 
silicate inhibition was added to the pe- 
troleum jelly used corrosion was entirely 
prevented while the lubricating proper- 
ties were not affected. This has been 
used for a sufficient length of time and 
under sufficiently adverse conditions to 
prove that, provided silicate is added, 
petroleum jelly will not cause corrosion 
but will help to prevent it. In all cases 
where it is necessary to use semi-liquid 
lubricants where they must remain long 
periods a small addition of white lead 
or zinc oxide will largely prevent corro- 
sion developing. 
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An Electric Safety Device 
For Oil Fired Boilers 


THE wea of electric ignition devices 
for oil fired boilers is not new. In place 
of the torch commonly used to ignite 
the atomized fuel forced through the 
burners various electric devices have 
been developed and tried since the open 
flame of the torch as always been more 
or less a source of danger in the oil 
charged atmosphere of boiler rooms. 
These devices, which depended upon the 
use of spark gaps, arcs or resistance 
wires were never entirely satisfactory 
and the use of the open torch has of 
necessity persisted. 

With the development of modern 
high pressure boilers the need for a re- 
liable safety ignition device becomes 
really imperative. The effect of the 
extreme high pressure atomization of 
the fuel necessary for the high output 
of the burners is to cool the ignition de- 
vice to such an extent that they are un- 
able to ignite the oil, especially when 
starting up from a cold state. Further- 
more, fuel oil of low inflammability, un- 
less preheated, renders it necessary to 
raise a large superficial volume of vapor 


Fig. |. Use of torch is a source of danger in lighting an oil 


fired boiler 
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to a high temperature if instantaneous 
ignition is to be effected. 

Another development to complicate 
the ignition problem, especially on ship 
board, was the enclosed boiler casing 
involving the introduction of combus- 
tion air at increased pressure directly 
into the combustion chamber. Since 
with this arrangement no doors could be 
opened, a device was required which 
rendered it possible to ignite the gas 
tight burners without flames or gases of 
combustion escaping from the boiler. 

An interesting solution to this prob- 
lem is a recent European development 
described in the Siemens Review. 

In connection with their patent 
rights concerning the construction of 
Benson high pressure boilers Siemens- 
Schuckert have undertaken the intro- 
duction of a new electric safety ignition 
device for oil-fired boilers as proposed 
by Bohn. The ignition element consists 
of a so-called flame cartridge, the chem- 
ical contents of which produce a tongue 
of flame of 3600° F., which burns for a 
sufficient length of time. For reasons 


of safety the flame cartridge can only 
be fired in conjunction with an electric 
current. Figure 3 illustrates the action 
of the electric ignition device. From the 
cartridge, which is introduced into the 
combustion chamber by means of a rod, 
a flame jet is projected at the instant of 
firing into the mixing chamber. Here, 
the oil issuing from the burner comes 
into contact with the flame. and is ig- 
nited. Duration, temperature, and 
length of the flame can be controlled by 
varying the contents of the cartridge. 
In practicing the former customary 
but dangerous method of lighting the 
boiler by means of a torch, burning oil 
could rarely be prevented from drop- 
ping on the oily boiler footplate (Fig. 1). 
In conjunction with the new safety igni- 
tion device (Fig. 2) a bushing which can 
be closed by a cover, is provided, through 
which the ignition cartridge is intro- 
duced into the combustion chamber of 
the boiler by means of a so-called igni- 
tion rod. This is visible in Fig. 3 in 
the lower part of the boiler shield. In 
the operating position the ignition rod 
makes contact with the source of current 
by means of a plug and socket built into 
the bushing. The flame cartridge is 
fired by pressing the push-button, and 
burns for 6 sec. During this period the 
fuel oil atomized in the burners reaches 
the mixing chamber and is ignited by 
the flame of the cartridge. Hereupon, 


Fig. 2. New safety ignition by pressing an electric push button 
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Fig. 3. Details of the Electric Safety Ignition 
Device. a, push button; b, air inlet; c, flame 
cartridge; d, flame jet; e, burner; f, fuel feed 


the ignition rod is withdrawn from the 
bushing. An internal spring-controlled 
sealing cap automatically closes the 
opening of the bushing, and prevents the 
escape of compressed air or gases. 

This device has been installed in a 
large number of the most modern Ger- 
man ships and also on land boilers, and 
has proved fully successful under all 
conditions. In further development of 
the design discussed above, the appara- 
tus can be provided with a device for 
scavenging the combustion chamber 
with air before lighting up, in order to 
eliminate all risk of explosion due to 
residual gases. 


The Handiest Steam 
Flow Rule 


By W. F. Schaphorst 


_ Wrrnovut poust Napier’s Rule is the 
“handiest” steam flow rule, and perhaps 
it is the most used. Yet I find that many 
steam users do not appreciate its value 
and usefulness. It is used, generally, 
wherever steam is allowed to flow di- 
rectly from high boiler pressure into the 
atmosphere, as in furnaces for creating 
draft, in soot blowers, in heaters, oil 
burners, etc. 

Here is the rule: “To the steam gage 
pressure in pounds per square inch add 
14.7; then multiply by the area of the 
opening in square inches and divide by 
70.” The result is the weight of steam 
in pounds flowing through the opening 
every second. 

In order to make this rule a little 
more applicable to many power plant en- 
gineering problems I have converted it 
into this form: “To the steam gage pres- 
sure in pounds per square inch add 14.7 
and multiply by the area of the opening 
in square inches; then multiply by 0.257; 
and into the result divide the number of 
‘pounds of water evaporated into steam 
in the boiler or boilers per pound of fuel. 
The result is the cost of steam in dollars 
per 10-hour day.” 

Thus for example: Find the cost of 
steam per 10-hour day flowing through 
¥-in. round opening for creating draft 
in a furnace where the gage pressure is 
100 Ib. per sq. in.; fuel costs $4. per ton, 
and 8% lb. of water are evaporated into 
steam per pound of coal. 
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It is easy to figure or determine by 
means of tables that the area of a %4-in. 
round opening is 0.196 sq. in. 

Substituting in the foregoing rule we 


et: 
114.7 X 0.196 X 4X 0.257 
= 272 





8.5 


I carefully checked this rule a num- 
ber of years ago in a university engi- 
neering laboratory and found that it 
gave surprisingly accurate results. <A 
colleague inserted an orifice in a pipe 
line in such a way that all steam passing 
through the line was compelled to pass 
through the orifice. A gage was placed 
in front of the orifice, and another gauge 
behind it, and the steam was then con- 
densed in a surface condenser. The back 
pressure was maintained at atmospheric 
pressure, or “zero gage.” 

By weighing the condensate after a 
given time it was possible to check the 
accuracy of Napier’s formula by substi- 
tuting the known figures and determin- 
ing the only unknown—the diameter of 
the orifice. The orifice was not shown 
to me, consequently I did not have the 
least idea in advance as to what its 
diameter might be. 

Upon inserting the test figures the 
formula gave 0.16” as the answer for 
the orifice diameter. Then I removed the 
orifice, measured it, and found it was 
precisely .16”. Naturally, since then, I 
have had a very high regard for Napier’s 
formula. 


Relocating Equipment 
Increases Capacity 


Ir Is IMPORTANT to analyze carefully 
the conditions for which drainage equip- 
ment may be _ required, otherwise 
troubles may result which could have 
been avoided by proper analysis prior 
to selection of the equipment. As 
pointed out by the Cochrane Corpora- 
tion recently the important facts to con- 
sider in selection of the proper size of 
equipment are: 

1. The inlet pressure and, infre- 
quently, the back pressure on the 
discharge side. 

2. Weight of condensate to be han- 
dled per hour. . 

3. Water temperature relation to 
steam temperature. 

4. Uniformity of pressure. 

5. Uniformity of discharge. 

6. Capacity of discharge pipe. 

The pressure which influences the rat- 
ing of condensate drainage equipment is 
the effective pressure under which the 
unit will operate. This is the actual pres- 
sure at the inlet side. In some cases the 
back pressure will be of influence, but 
need not be considered in the usual ap- 
plication. 

When the pressure varies materially, 
consideration should be given to the re- 
duced rating of the drainage equipment 
at the lesser pressure, so as to avoid pos- 
sible trouble from failure to discharge 
the desired amount of condensate. 

The unit also should be selected with 
sufficient capacity to care for peak load 
conditions, otherwise the equipment 





drained may become flooded. The aver- 
age rate of condensate discharge may be 
1000 Ib./hr., but if peaks of 4000 1b./hr. 
are reached, the condensate removal unit 
should be selected to care for the larger 
flow, particularly if storage of conden- 
sate ahead of the unit is impractical under 
the conditions involved. 

The effect of condensate temperature 
upon discharge capacity is a point which 
has confused users of drainage equip- 
ment. The temperature of condensate in 
relation to its pressure has a significant 
effect on the discharge capacity of any 
drainage unit. The capacity is greatest 
when discharging cold water, but as the 
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Diagram showing proper location of trap 


temperature approaches that of steam at 
the given pressure, the capacity becomes 
correspondingly less. 

In selecting the proper size of drain- 
age equipment, it is always most con- 
servative to assume that the condensate 
is at steam temperature, for then the 
actual existence of a temperature depres- 
sion (degrees of condensate temperature 
below that of saturated steam) will pro- 
vide greater capacity than actually cal- 
culated, hence a factor of safety is pro- 
vided to insure satisfactory operation 
under adverse conditions. 

On the other hand, if the prevailing 
conditions of installation are such that 
a temperature depression is known to 
exist, it is safe to select the proper size 
of unit on the basis of the depressed 
temperature. 

For instance, in the diagram above, 
where a Cochrane Trap is shown to be 
draining a heating coil, installation of the 
trap directly below the lowest level of 
the coil will cause condensate to enter 
the trap at a temperature close to that 
of saturated steam. Assume, however, 
that the trap is installed at distance “A” 
below the lowest level of the coil, with 
distance “A” equal to 50 feet, and under 
an inlet pressure of 100 lb. gage. At 
this pressure the saturated steam tem- 
perature is 338° F. but the 50-ft. leg 
added by lowering the trap increases the 
static pressure at the trap by approxi- 
mately 20 Ib., or to 120 Ib, At this pres- 
sure the temperature of 338° is 12° below 
that of saturated steam, hence the lower 
position provides approximately 50 per 
cent greater capacity with the same trap. 
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As announced in the July issue, under this heading, each month we 

offer prizes to those persons sending in the best solutions to a spe- 

cific problem, a new problem being presented each month. Two 

prizes are offered; a first prize of $15.00 in cash and a second prize 

of five power ~ handbooks. Solutions must be mailed to reach 
i 


the editorial o 


ice of Power Plant Engineering before the 25th of 


the publication month of the issue in which the problem appears. 
Manuscripts must not be longer than 1000 words. 


How Would You Do It? 


N COMMENTING last month on the 

seeming lack of interest in our Problem 
Contest it now appears that we were pre- 
mature in forming an opinion because 
since writing those lines we have been 
all but swamped with letters offering sug- 
gestions to help our hero out of his di- 
lemma. While we cannot speak for our 
hero, we were very well pleased not only 
by the large number of replies but by their 
quality. Many of them were excellent, so 
excellent in fact that we found it difficult 
to decide which was best. 

After much deliberation, however, we 
have awarded the first prize of fifteen dol- 
lars to Max W. Benjamin of the Detroit 
Edison Co. for his letter discussing Prob- 
lem No. 1. Readers will recognize Mr. 
Benjamin as the author of the series of 
articles on Delray Station appearing cur- 
rently in Power PLANT ENGINEERING. 

In awarding first place to Mr. Benja- 
min our decision was based largely upon 
the comprehensive way in which he an- 
alyzes the various aspects of the problem 
as a whole. As everybody who attempted 
to solve the problem will agree, there was 
much left unsaid in the statement of the 
problem and any accurate solution of it 
demanded a number of assumptions. In- 
deed the problem is considerably more 
involved than we anticipated and we can 
frankly say that we have learned a great 
deal more about the theory of extraction 
than we knew before we studied these 
letters. 

As to the actual conclusions reached 
it may seem strange that one of the sec- 
ond prizes, for we found it necessary to 
make a duplicate second prize award, was 
awarded to a contestant who reached 
quite the. opposite conclusion from that 
arrived at by Mr. Benjamin. Whereas 
Mr. Benjamin claims that the amount of 
steam extracted will not be reduced as a 
consequence of changing the springs, 
Julius Brodsky of Rochester, N. Y., one 
of the winners of the second prize shows 
that the amount of steam extracted will 
be reduced. 

If this appears inconsistent on our part 
we wish to state with entire frankness 
that we are not prepared to say who is 
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right. It is quite possible that both views 
may be right since the respective con- 
testants discuss the problem from differ- 
ent angles. Indeed, Gibson T. Hutcheson, 
the winner of the duplicate second prize 
award, analyzes the problem in still a dif- 
ferent way though his concolusins are 
similar to Mr. Benjamin’s. 

All this, no doubt must be extremely 
confusing to our hero who after all wants 
a definite answer but if it teaches him 
nothing else, it should teach him that 
engineering is an exact science only so 
long as all the facts regarding a problem 
are known and considered. Our hero has 
only himself to blame and he should have 
been much more thorough in presenting 
his problem. He should have specified 
whether the turbine was operating, con- 
densing or non-condensing, whether the 
electrical load had to be maintained con- 
stant or whether it could be reduced, 
what the back pressure on the turbine was 
if it operates non-condensing. Many other 
data could have been presented, all of 
which would have aided in bringing 
about a more concrete and practicable 
solution. 

Meagerly stated as the problem was, 
it was inevitable that there be a wide 
divergence of opinion among the various 


- replies sent in. To a certain extent this 


was intended but it is probably asking too 
much to expect a discussion of so in- 
volved a problem in a limited space and 
hereafter we shall see to it that our hero 
is more concise in stating his problems. 
This, however, is a common shortcoming. 
Here are the prize winning letters: 


FIRST PRIZE AWARD 
Pros_EM I 


By Max W. Benjamin 


If the turbine in Problem I is a 
non-condensing machine exhausting to 
process, our puzzled hero would be 
disappointed and perhaps still puzzled 
after changing the springs in the non- 
return valves. On the other hand, if the 
turbine operates condensing and at the 


same time bleeds steam to process, some 
improvement would result from changing 
the valve springs. In neither case would 
the amount of steam extracted be re- 
duced. 

Now, only dictators and experts can 
make statements like that and have them 
stick. Because I am neither, and because 
I want to help our hero steer a true 
course, it is necessary to give a little 
explanation along with these answers. 
Sinee the problem does not state which 
type of turbine is used, both will be dis- 
cussed. This procedure is sure, of course, 
to cover the actual case and at the same 
time gives you twice as much for your 
money. An explanation for the non- 
condensing machine is the simpler of the 
two and will be given first. 

To begin with, if the process pres- 
sure is increased more steam will be con- 
densed. In fact the only way the process 
pressure can be increased is to crowd 
heat into the process faster than the 
process can absorb it at the existing work- 
ing pressure. This is an everyday expe- 
rience in the operation of certain types 
of building-heating systems. If you want 
to make the building warmer you in- 
crease the rate of firing in the boiler 
furnace and crowd more heat into the 
radiators, which is accompanied by an 
increase in steam pressure and radiator 
temperature. The same thing is true in 
the process problem, If the process pres- 
sure is to be increased a few pounds the 
working temperature will be increased 
and more heat must be crowded into the 
process equipment. 

It is stated that the turbine is operat- 
ing at the limit of its capacity, which 
means that the steam-admission valves 
are wide open. If the steam pressure at 
the throttle is, say, 100 Ib. per sq. in. or 
more, the exhaust pressure may be 
changed several pounds above or below 
the existing value of 25 'b. without af- 
fecting the throttle flow in the least. 
Therefore no more steam can be made 
available to the process and the process 
pressure cannot be increased by reducing 
the drop across the non-return valve. As 
a matter of fact the theory indicates that 
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if the 5 lb. springs are replaced with 2- 
lb. springs the process pressure may actu- 
ally fall somewhat. This conclusion is 
arrived at as follows: The pressure at 
the outlet of the non-return valve is de- 
termined by the process load, so the pres- 
sure at the turbine exhaust is determined 
by the process load plus the pressure drop 
across the non-return valve. If weaker 
springs are installed the turbine-exhaust 
pressure will be reduced, which in turn 
will increase the electrical output of the 
machine and reduce the heat content (“en- 
thalpy” they call it now days) of each 
pound of exhaust steam. Since the reduc- 
tion in exhaust pressure would not change 
the weight of steam flowing, it follows 
that the amount of heat supplied to proc- 
ess per unit of time would be reduced. 
Therefore the process pressure would be 
reduced also. 

The whole problem with the non-con- 
densing machine is to increase the steam 
flow. This might be done by increasing 
the net area of the first-stage nozz:es, or 
simply by increasing the steam pressure 
at the turbine throttle if that could be 
done within safe limits of the power- 
plant construction. With an increase in 
steam flow through the turbine the in- 
crease in process pressure (and turbine- 
exhaust pressure) might not be enough 
to offset the additional electrical output 
due to the extra steam flow, and the gen- 
erator would be overloaded. In this case, 
the turbine-exhaust pressure would have 
to be increased still further by installing 
heavier springs in the non-return valve. 

The case of the condensing extraction 
turbine is quite different. With a given 
throttle flow (in this problem the maxi- 
mum obtainable) the pressure at the ex- 
traction .stage is determined by the 
amount of steam flowing to the condenser. 
If more steam is extracted there neces- 
sarily will be a smaller flow to the con- 
denser, the extraction pressure will be 
reduced, and there will be a slight reduc- 
tion in the enthalpy of the extracted 
steam. There also will be a reduction 
in electrical output which should not be 
overlooked when our hero makes his 
charge for process steam. It is entirely 
possible that the desired results can be 
obtained in this set up by changing the 
non-return valve springs, although a 
change of just three pounds won't quite 
do it. For example, if the extraction is 
increased to the amount needed for a 
process pressure of 23 Ib. per sq. in., the 
pressure at the extraction stage will drop 
to something less than its former value of 
25 lb. per sq. in., maybe to only 24 Ib. per 
sq. in., leaving only one pound for pres- 
sure drop across the non-return valve. 
Should the magnitude of the process load 
be too great with respect to the steam 
flow in the turbine it would then work 
out that the amount of extraction neces- 
sary to produce a process pressure of 23 
Ib. per sq. in. would reduce the extraction- 
stage pressure to less than 23 Ib. per sq. in. 
and something other than a change in 
valve springs would be needed. It would 
be necessary, as in the case of the non- 
condensing turbine, to increase the throt- 
tle pressure or first-stage nozzle area to 
get a greater steam flow. The net effect 
of increased throttle flow and increased 
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bleeding is indeterminate from the data 
given in the problem. Probably a small 
increase in condenser pressure would off- 
set any net increase in work done in the 
turbine and restore the generator output 
to a normal value. 

With this explanation before him 
there should no longer be any questions 
in the mind of our plant engineer. If 
there are, just have him send along a lit- 
tle more data on the turbine and process 
conditions, for only a complete analysis 
based on adequate information will show 
exactly what’s what. 


SECOND PRIZE AWARD 
ProsL_EeM | 


By Julius Brodsky 


“Frequently extraction lines connected 
to one of the stages of a turbine are sup- 
plemented with steam from other sources, 
and as a consequence these lines must be 
equipped with some form of non-return 
valve to prevent a reverse flow of steam 
into the turbine.”—P. P. E., Jan. 1, 1918. 

There are quite a number of different 
types and makés of valves suitable for 
this purpose on the market, and since the 
performance of different types of valves 
varies considerably, the selection of any 
valve should be accompanied by an in- 
vestigation of its operating characteristics 
to determine if it meets the requirements 
of the particular job on which it is to 
be used. 

One type of valve that has been used 
for this purpose is the multiport spring- 
loaded valve. 

Although the primary function of the 
multiport valve is to prevent a reverse 
flow of steam into the turbine, it will at 
the same time, due to its peculiar con- 
struction, act as a regulating valve, caus- 








ing a reduction in pressure proportional 
to the amount of steam flowing through 
it, and under certain conditions this pres- 
sure “regulation” may prove objection- 
able. 

Any valve may be considered as an 
adjustable orifice, the maximum opening 





Fig. 1. Cross section of a multiport valve 


being attained when the valve is lifted 
from its seat a distance equal to one- 
fourth its diameter. 

“For steam flowing through an ori- 
fice from a higher to a lower pressure 
where the lower pressure is greater than 
58 per cent of the higher, the flow per 
minute can be calculated from the form- 
ula: 

W=19AK V(P—d)d 

Where W=the weight of steam dis- 

charged in pounds per 
minute 

A=area of orifice in square 
inches 

P=absolute initial pressure in 
pounds per square inch 

d= difference in pressure be- 
tween the two sides p.s.i. 

K =a constant = 0.93 for a short 
pipe and 0.63 for a hole in 
a thin plate or a safety 
valve.” 


Harding and Willard. 








pump sold. 


urements, if not oftener. 


the engine room. 


it were your problem? 








Problem No. 3 


This month our hero is confronted with a simple, yet rather peculiar 
problem. Several new air compressors have been installed recently 
and since city water is expensive, he has been thinking about utilizing 
an old deep well on the premises as a possible source of cooling water 
supply for these compressors. This old well was used years ago but 
owing to its fluctuating level was abandoned and the deep well 


Now, however, our hero feels that this well might be able to satisfy 
the water requirements of the compressors and has been contem- 
plating the installation of a new deep well pump. Before doing this, 
however, he would like to know just how the water level in the well 
varies from day to day and has been wondering how he can measure 
the water level without too much trouble. He would like daily meas- 


He has had various float arrangements in mind, but all of them in- 
volve difficulties, since the well is over 100 ft. deep. 
The well is located in a small pump house about 20 feet away from 


Can you offer any suggestions or present a practicable scheme to 
help our hero in obtaining the desired data? How would you do it, if 
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Fig. 2. Pressure drop across a fixed orifice with variable steamflow 


Using the above formula a curve may 
be plotted showing the pressure drop 
across a fixed orifice (corresponding to a 
valve in a wide open position) with vari- 
able steam flow, when the initial pres- 
sure is 25 lb. psi gage and the maximum 
flow is reached with a 5 lb. pressure drop 
or when the reduced pressure drops to 20 
Ib., the maximum flow at this point is 
denoted as 100 per cent and the flow at 
any other point on the curve is expressed 
as a percentage of this amount. 

Since each valve disk is held to its 
seat by a spring, and the deflection of 
any spring is proportional to the load 
applied, then the size of the adjustable 
orifice (or the height to which the valve 
will be lifted from its seat) will be pro- 
portional to the differential pressure act- 
ing on the valve. With a 5-lb. spring in 
the valve, the valve opening or area of 
the adjustable orifice will be as shown 
by the straight line B. 

Now since Curve A shows pressure 
drop across a fixed orifice at various per- 
centages of the maximum flow, and the 
Line B shows the area of the adjustable 
orifice for varying differential pressure, 
then Curve C can be plotted showing flow 
through an adjustable orifice when the 
area of the orifice is directly proportional 
to the differential pressure. 

In any actual spring-loaded valve, the 
force opposing the springs and which is 
effective in opening the valve is the sum 
of the static or differential pressure and 
the velocity pressure. The velocity pres- 
sure is a function of the flow through the 
valve and is proportional to the square 
of the velocity. Then in any valve of the 
type under discussion (and this includes 
all relief, back-pressure and safety valves) 
the valve opening will not follow the 
straight Line B, but will be smaller with 
lower and greater with higher differential 
pressures. This will result in a modifica- 
tion of Curve C. 


Curve D shows the operating charac- 
teristics of a spring loaded valve with 
5-lb. springs where the initial pressure 
is 25 lb. psi gage and where the maxi- 
mum capacity is reached when the valve 
is fully open with a 5-Ib. pressure drop 
across the valve. Fairly good regulation 
is obtained between 50 and 100 per cent 
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capacity and if such a valve is used within 
this range it may prove acceptable as a 
regulating valve. 

Referring to Curve A it will be noted 
that with a fixed orifice when there is a 
2-lb. pressure drop the flow is 65 per cent 
of that obtained with a 5-lb. drop. From 
this point on the curve Curve E is drawn 
showing the operating characteristics 
when 2-lb. springs are substituted. 
When the valve opens wide steam will 
continue to flow but its performance will 
be that of a fixed orifice as shown in 
Curve A. The maximum capacity of this 
valve as a regulating valve using 2-lb. 
springs would then be only 65 per cent of 
the same valve when using 5-lb. springs. 

Steam supplied to a process system 
must be at a certain-definite pressure with 
a minimum variation therefrom, and 
whenever a multiport spring-loaded valve 
is found in the bleeder line from a tur- 
bine to a process system it is evident that 
this requirement has been met and that 
the capacity of the valve as a regulating 
valve is in the range between 50 and 100 
per cent of its maximum capacity. Be- 
low this range its regulation would be 
objectionable. 


If it was desired to increase the pres- 
sure in the bleeder line from 20 to 23 Ib., 
this may be accomplished by increasing 
the pressure at the turbine bleed point 
from 25 to 28 Ib. and still maintain a 5-b. 
pressure drop across the multiport valve 
at’ maximum capacity. This increase in 
extraction pressure would have the effect 
of decreasing the capacity of the turbine, 
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Fig. 3. Free flow reverse current valve 


which if it were already loaded to capac- 
ity would not be practicable. 

In such a case the only reasonable 
method of obtaining the higher bleed 
pressure with good regulation would be 
to replace the multiport valve with a 
non-return valve of the type shown, which 
functions solely as a non-return valve 
without any perceptible pressure drop 
across the valve, and to lower the ex- 
traction pressure at the turbine to 23 Ib. 
and allow the turbine bleeder valve to 
regulate the pressure in the bleeder line, 
which is its normal function. 

This procedure would have the effect 
of not only meeting the process require- 
ments as desired but of increasing the 
turbine capacity. The benefits thus de- 
rived would far outweigh the expense of 
a new valve. 


DUPLICATE SECOND PRIZE 
AWARD 


PROBLEM No. I 
By Gibson T. Hutchinson 


By replacing the 5 lb springs with 2 
Ib springs, the operator will find a slight 
increase in the quantity of bleed steam 
for comparable pressure drops across the 
non-return valve. This can best be un- 
derstood by an analysis of the spring 
characteristics and their effect upon the 
operation of a non-return valve. 

As the pressure in the process line is 
at present 5 lb. below the bleed pressure, 


_the present springs must maintain a 5 Ib. 


pressure differential across the valve 
disks, i. e. assuming the valve disks to be 
50 sq. in. in area, the spring force is 5 x 50 
or 250 Ib. This condition can be main- 
tained at only one quantity of bled steam. 
If the quantity of bled steam is increased, 
it is necessary to secure more effective 
area through the valve, or the valve disks 
must be lifted an additional increment. 
This would result in an additional com- 
pression of the spring holding the valve 
to its seat, and consequently additional 
force exerted by the spring. To over- 
come this additional force, either the pres- 
sure on the turbine side must rise slightly 
above the initial 25 lb., or the pressure on 
the process side must drop slightly below 
the initial 20 lb. The latter is most likely, 
as the quantity of steam used in the proc- 
ess regulates the amount bled. 

As the spring scale varies directly as 
the wire diameter, and inversely as the 
number and diameter of coils, the space 
available for the spring in the valve body 
would determine the size of spring. If 
we assume the 5-lb. spring to be com- 
pressed 3 in., i. e., say 2% inches initial 
compression and % for valve opening, 

250 
the spring scale is ——=83% Ib. per in. 
3 


This would mean that to increase the area 
through the valve by an additional %-in. 
lift over the initial 5-lb. differential set- 
ting, the added spring force required 
would be 83% X % or approximately 21 
Ib. This would require an additional dif- 
21 
ferential actoss the disks of —— or 0.4 lb. 


per sq. in. to get the added capacity. 
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Now assume the 2-lb. springs are in- 
stalled in the valve, i. e., springs designed 
to maintain a 2-lb. differential at the same 
rate of flow at which the 5-lb. springs 
maintained a 5-lb. differential. The total 
spring force required would be 2 x 50 
= 100 lb. for this condition. As the space 
limitations are the same as for the 5-Ib. 
springs, the outside coil diameter would 
be approximately the same, but the wire 
diameter will be smaller due to the lower 
load carried by the spring, and the num- 
ber of permissible coils increased due to 
the smaller wire diameter. In other 
words, a weaker spring would be used. 
A greater valve opening would of 
course be required as there is a smaller 
pressure drop across the disks. This 
initial valve lift would be V(5~+2) X 
14 in. or approximately 0.79 in., since 
the velocity and, hence area, varies as the 
square root of the pressure differential, 
and correcting for the difference in spe- 
cific volumes at 23 lb. and 20 er Bo 





valve lift would be approximately ie x 


.79 = 0.74 in. where the specific volumes 
at 20 lb. and 23 lb. are approximately 12.1 
cu. ft. per Ib. and 11.2 cu. ft. per Ib. re- 
spectively. The initial spring compres- 
sion would be 2.5 + .74 = 3.2 in. and the 
scale of this lighter spring would be 


1 
——= 31.2 Ib. per in. 
$2 

In order to get the same added capac- 
ity as was obtained with the 5-lb. springs 
with % in added lift, an additional lift 


of V(5+2) X 25 = 04 in. will be 
required, and correcting for the dif- 
ference in specific volumes, the actual 


11. 
lift would be approximately rey KAS 


. 0.37 in order to get the same increment 


capacity as was obtained with the 5-lb. 
springs for a % i. additional lift. 

To get this added effective area, an ad- 
ditional force of 31.2 X 0.37=11.6 Ib 
would be required. This would require an 
added differential across the valve of only 
11.6 
——=.23 Ib. per sq. in. to get the same 

50 

increment of capacity as was obtained 
with 0.4 lb. per sq. in. added differential 
with the 5-lb. springs. 

To summarize, the added capacity 
with 2-lb. springs results from the facts 
below: 

1. The decrease in flow for the same 
area varies only as the square root 
of the pressure drop. 

2. The spring force and hence effec- 
tive area varies as the first power 
of the pressure differential. 

3. The lower specific volume results 
in smaller area required. 

Also the capacity will be slightly in- 
creased by the lower friction drop in the 
valve outlet and in the system due to the 
lower specific volume. 

COMMENTS FROM OTHER CONTESTANTS 

In regard to the ultimate result of ex- 
changing the 5-lb. springs with 2-Ib. springs 
as proposed in the problem, opinion 
seems fairly equally divided. A consid- 
erable number of replies indicate that if 
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the pressure in the extraction line is in- 
creased by this method, the quantity of 
steam extracted will be less. Writes 
William F. Kunz of Philadelphia, “His- 
tory records ancient alchemists attempt- 
ing to change base metals into gold; in 
our present time there are numbers of 
individuals trying to solve the riddle of 
perpetual motion. In both cases, how- 
ever laudable the purpose, results strived 
for are directly opposed to natural laws 
and primarily against the inexorable law 
of compensation. The chief tenet of this 
law is that we cannot gain one way with- 
out losing another; neither can we ac- 
quire something for nothing, however 
much it may appear at times as if we 
were doing just that. All of which leads 
up to the fundamentals involved in the 
problem presented in the July issue of 
Power PLANT ENGINEERING. .. By chang- 
ing the 5-lb. springs to 2-lb. springs the 
engineer will be reducing the pressure 
drop across the valve 60 per cent; this 
in turn reduces velocity and results in a 
consequent decrease in flow volume.” By 
means of the formula 


W=>d2xC Vv Pi—PeV 


used in every day practice for determin- 
ing the flow across a valve, Mr. Kunz 
shows that the steam extraction will drop 
from 63210 Ib. per hr. to 41650 Ib. a net 
decrease of 21560 Ib. 


Julius Mauro, of Pittsburgh, is of a 
similar opinion. ‘Quoting from his letter, 
he says “Our hero won't be a hero long 
unless he gets an idea of the capacities 
of reduced pressures.” By means of a 
curve derived by interpolation from a 
handbook chart he shows that with the 
2-lb. spring “our hero” will be getting 
only 75 per cent of the steam per hour 
that he is getting now. 

To compensate for this expected de- 
crease in the amount of steam extracted, 
several replies, propose the use of a by- 
pass fitted with a reducing valve around 
the turbine. 

Boyd Abbott of Norristown, Pa., cal- 
culates the amount of steam extracted 
with the weaker springs to be 68.8 per 
cent of the original. His calculations 
are quite interesting and his statement 
of the problem and its solution deserve 
commendation. His solution follows: 

Assume the valve to function in a 
manner similar to a flow meter orifice 
and apply the Fundamental Orifice For- 
mula: 


Q= 1274 xX C X d? X VHy 
where Q = Flow of steam in Ib. per hour. 

C= Orifice coefficient. 

d= Orifice diameter in inches. 

H = Differential pressure across 
Orifice in inches Hg. 

y= Density of steam in lb. per 
cu. ft. 

Determine the theoretical ratio of 
orifice diameters or areas to pass the 
required amount of steam under the two 
conditions. 


Therefore: 
d’ = Effective orifice diameter when 
H’=10.20”Hg & y’=.08405 

@ 20 Ib. 


d”= Effective orifice diameter when 
H”"= 4.08”"Hg & y”=.09079 
@ 23 Ib. 
Q) Q=1274xCxd2xX VH'y’ 
(2) Q=1274xC xd’ x VH"”y” 
Divide (1) by (2) 
1 = d’2/d”2 x VH’y’/ VH"y” 
and d”2:d’2—VH’y’: VH"y” 
= V 10.20 < .08405 : V4.08 x .09079 
Solving: 
d”2 : d’2=1.52 : land d” :d’ 
= 1.233 :1 





From the above solution we see that 
the installation of 2 lb. springs in the 
same valve will reduce the amount of 
steam extracted to 65.8% of the amount 
passed with the 5 Ib. springs. 


The desired result could be accom- 
plished if there were enough room in the 
valve to increase the port opening by 
52% and installing 2 lb. springs. 


With enough space between the tur- 
bine nozzle and the valve for the instal- 
lation of a by-pass, an additional valve 
with the capacity to meet the deficiency 
of steam after the 2 lb. springs are in- 
stalled could be employed and the same 
result accomplished. 


Horace P. Storer, of Pawtucket, R. I, 
discusses the probable effect of changing 
the springs upon the electric generator 
output. “Since the turbine referred to is 
operating at the limit of its capacity, any 
additional steam extracted would reduce 
by that amoutn, the steam reaching the 
turbine blading beyond the extraction 
point . . . the result would be loss of 
frequency and possibly voltage resulting 
in lower power factor and increased am- 
perage.” Quoting further from Mr. 
Storer’s letter, he says. “Operation at the 
23-lb. extraction point could be accom- 
plished under the above conditions by 
throttling the extracted steam to limit the 
amount, and could be controlled auto- 
matically by an electrical relay, actuated 
by the frequency, i. e., a device which 
would operate only at the frequency 
tended to fall below normal.” 


Andrew Sheehan of Springfield, Mass., 
also mentions the effect on the electrical 
output. “Since the turbine is loaded to 
capacity, the most serious drawback is 
‘tthe probable reduction of electrical out- 
put unless a way can be found to pass 
more throttle steam. If part of the elec- 
trical load is due to motor driven auxil- 
iaries and there are steam driven auxil- 
iaries available, shutting down some of 
the motor driven equipment would release 
capacity for the main fload. Changing 
turbine nozzles or raising the initial steam 
pressure would help if it could be done 
in this plant.” 


On the whole, our ‘hero has plenty 
of advice to digest but ynless he actually 
tries changing the springs he may still re- 
main in doubt as to what actually is 
going to happen. He, however, is familiar 
with all the necessary conditions and we 
hope that with the aid of the excellent 
suggestions here presented that he will 
be able to work out this problem to his 
own satisfaction. 
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Questions 


And 


Answers 








Work Schedule for J. M. 


IN ANSWER to your request for help 
on page 542 of Power PLANT ENGINEER- 
ING for August I submit the following 
schedule which we have found works very 
satisfactory in our station. Of course 
this schedule is for a station operating 
24 hr. a day and 7 days a week. 

Probably the most pleasing part of 
this schedule from the operator’s view- 
point is, one operator completes his round 
of the schedule each Friday morning at 
eight a. m. and is relieved of further duty 
until the following Wednesday afternoon 
at four p. m. 

Hoping this may help you. 

Ernest E, STAFFORD 

Portsmouth, N. H. 


First Week 


Name Mon Tue WedThur Fri Sat Sun 
12-8 12-8 12-8 12-8 12-8 y:. ®@ 
84 84 84 0 012-8 12-8 
412412 0 0 84 84 84 
0 0 4-12 4-12 4-12 4-12 4-12 
8-4 
Second Week 
12-8 12-8 12-8 12-8 12-8 0 0 
84 84 8&4 0 0 12-8 12-8 
4-12 4-12 0 0 84 84 84 
0 0 4-12 4-12 4-12 4-12 4-12 
8-4 


Third Week 
12-8 12-8 12-8 12-812-8 0 0 
84 84 84 0 012-8128 
412412 0 0 84 84 84 
0 04-12 4-12 4-12 4-12 4-12 
8-4 


Fourth Week 
12-8 12-8 12-8 12-8 12-8 0 0 
8&4 84 84 0 012-8 12-8 
4-124-12 0 0 84 84 84 
0 0412 4-12 4-12 4-12 4-12 
Repeat first week and so on through 
the schedule. 


Loss Due to Ice 


Q. Wuat is the percentage of loss 
from ¥% to up to 3 inches of ice on brine 
coils in coolers? W. A. W. 

Springfield, Ohio. 

A. It 1s impossible to answer this 
question definitely. Ice acts as insulation 
but its resistance to heat flow cannot be 
determined accurately. The ice formation 
will vary from almost clear and very 
dense ice up to frost, depending on the 
conditions under which it was formed. 
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It will also depend upon the shape of the 
coils to a large extent and will be much 
more effective in reducing heat transmis- 


sions with finned coils, due to the fact . 


that the fins or corrugations fill up and 
thus cut down the effective surface as 
well as decreasing the heat transmission 
coefficient. 

For a given refrigerating load, the loss 
which will result comes about through an 
increased compressor power. The insu- 
lation effect makes it necessary to carry 
lower brine temperature in order to give 
the same heat transfer with a given 
amount of surface. A lower brine temper- 
ature means a lower evaporating temper- 
aeure, a lower suction pressure and in- 
creased compressor input. 

In some cases effective defrosting is 
provided by circulating a small amount 
of brine over the outside of the coils. 
of brine over the outside of the coils. 
of course, absorbed by the brine and it 
is necessary to make provision for this 
dilution either by adding more salt or by 
boiling out the excess water. 


Surface Necessary in 
Brine Cooler 


Q. Amon other refrigerating equip- 
ment we have in our plant a double pipe 
brine cooler in which brine is cooled for 
making ice. A 15 ton ammonia compres- 
sor is installed but difficulty has been ex- 
perienced in attaining this capacity and I 
am of the opinion that the cooler is too 
small. The cooler consists of two banks 
of coils, 8 pipes high, 12 ft. long. The 
inner or brine pipe is 2 in. in diameter and 
the outer pipe 3 in. Can you give me any 
suggestions? J. THoRNTON 

Vancouver, B. C. 


A. A NUMBER of things may be re- 
sponsible for your lack of capacity but 
assuming that the compressor is in good 
shape, the size of the cooler may be 
checked by testing the coefficient of heat 
transfer through the brine pipe. This is 
measured in B.t.u.’s per square foot of sur- 
face per degree of temperature difference 
per hour. 

One ton of refrigeration is equivalent 
to 288,000 B.t.u. per day or 12,000 B.t.u. 
per hr. With a capacity of 15 tons the 
heat transmitted to the brine is 12,000 
15 = 180,000 B.t.u. per hr. The area of 
the brine pipe is 2 X 8 X 12 K 3.14 K 2 
+ 12 = 10048 sq. ft. The heat trans- 
mitted is then 180,000 ~ 100 = 1800 B.t.u. 
per sq. ft. 


Assuming now, a temperature differ- 
ence of 10 deg. between the brine and the 
ammonia, we find the coefficient to be 1800 
~~ 10 = 180 B.t.u. per sq. ft. per deg. 
per hr. 

The coefficient of heat transfer used 
by manufacturers and designing engineers 
in designing such coolers varies widely, 
depending largely upon the temperature 
difference between the brine and the am- 
monia and also upon the velocity of flow. 
The minimum and maximum seems to be 
about 50 and 150 respectively. 

Assuming an average value of say 100 
B.t.u. per sq. ft. per deg. per hr., it will 
be seen that the factor 180 as obtained 
above is 1.8 times too high or that the 
surface should be 1.8 times as large as it 
is. In other words, instead of the 16 
tubes which the cooler now contains, 
there should be 1.8 X 16 or 29 tubes. 


Current Transformers 
Connected in Series 


Q. Is 17 good practice to connect the 
secondaries of current transformers in 
series. Is it necessary with such connec- 
tions that the currents in the respective 
transformers be equal? H. K 

Minneapolis, Minn. 

A. WHEN two transformers are con- 
nected in series as shown in Fig. 2 the 
current in all parts of the secondary must 
be the same, likewise the current in all 
parts of the primary. If the ratios of 
the transformers differ the actual current 
in the secondary will be a compromise 
































FIG. 3 


Diagram showing Proper and Improper 
Transformer connection 


between those indicated by the two ratios, 
and the result will be saturated iron in 
both transformers and consequently poor 
ratio and phase angle. The connections 
shown in Fig. 1 are not correct. If the 
connection is intended for a three-wire, 
single phase system, the sum of the cur- 
rents in the outside wires is wanted and 
the connection would be as shown in Fig. 
3. Where a three phase system is in- 
volved, however, the connection shown in 
Fig. 3 will give a reading proportional to 
the vector difference of the two currents. 
For balanced circuits this will be V3 
times the current in either line. 
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Calculation of Excess Air 


Q. SoMEWHERE I have seen a formula 
for the calculation of excess air from 
the COz content of the flue gas. Can 
you give it to me? O. P. 

Chicago, IIl. 

A. THE amount of excess air re- 
quired for combustion can be calculated 
from the value of COg in the flue gases 
only if combustion is complete and when 
the fuel ratio of the fuel is known, that 
is, the ratio of carbon to hydrogen. The 
excess air is given by the following form- 


ula: 
20.9R R+2.37 
Excess air = Ps 


CO2(R+3) R+3 


in which COg = the per cent COe2 by 
volume in the dry flue gas. 

R = the fuel ratio for fuels as follows: 
Anthracite 50-25; semi-anthracite 25-20; 
semi-bituminous 20-16 ; Bituminous 16-12; 
Lignite 12-9. 





Strange Behavior of 
Synchronous Motor 


Q. We Have been confronted by a 
rather strange behavior of a synchronous 
motor in our plant which several of us 
would like to have explained. The motor 
is a 770 hp. synchronous motor with 
name plate data as follows: 770 hp., 2200 
v., 162.5 amp., 100 per cent p. f., 3 phase, 
60 cycles, 200 r.p.m., 56 excit. amp., 250 
v. excit. voltage 100 per cent load 24 hr. 

This motor pulls 40 amp. with 1 cylin- 
der loaded, 80 amps. 2 cylinders loaded, 
120 amp. 3 cylinders loaded and 162.4 
amp. with 4 cylinders loaded, it being a 
4 cylinder machine the motor drives. 

-The above values are the readings 
obtained under normal conditions. Lately, 
however, we noticed that something is 
changing these readings at certain times 
of the day. One cylinder makes the read- 
ing-go from 60 to 80 amp. Two cylin- 
ders raise it to about 110 amp. Three 
cylinders to 155 amp., but the use of 4 
cylinders provides only the normal full 
load reading of 162 amp. This condition 
starts about 7:30 a. m. and lets up about 
3:35 p. m. 

This motor derives its excitation from 
a motor generator set which also feeds 
another synchronous motor, about 22 tem- 
pering lehrs automatically controlled, and 
supplies power for a magnetic extractor. 

It is claimed that there is no change 
in the line condition or in the operating 
condition of the motor generator set. 

Any suggestions will be appreciated. 

Burton J. CHAPMAN 

Canton, Ohio. 


A. From a consideration of the prob- 
lem as you have stated it, it seems al- 
most a foregone conclusion that the 
trouble lies in the machine which the 
motor is driving. You do not state what 
sort of a machine this is but assuming 
it to be a compressor, it would seem that 
something tends to increase the load on 
three of the cylinders during the time 
specified. Certainly, if the line conditions 
(voltage and power factor) remain con- 
stant as you say, there would be noth- 
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correctly and with finality a 





Difference of Opinion Makes Horse Racing 


If engineering was the exact science it is sometimes said to be, 
there would be little room for argument or discussion on these 


rly and fully would be answered 
there would be nothing more to 
it. But engineering, applied as it is by human beings is subject 
to all the frailties and shortcomings of human beings and very 
few problems or questions that come up in engineering permit 
of a single, concise answer. So, if you do not agree with some 
of the answers to these questions, for Pulverized Pete's sake, do 
not keep your ideas to yourself. Let us know about them and 
we will see to it that they are told to the world—at least our 
world of Practical Engineering readers. 


pages. A question stated pee 











ing to change the current input to the 
motor except an increase in load. 

The first thing to determine in this 
case is whether the load itself is chang- 
ing. If that is found to be normal in 
each case, then it would be time enough 
to check the operation of the motor itself. 

The value of the exciting current is 
important in the operation of a synchron- 
ous motor and we would advise you to 
check this accurately. In any synchronous 
motor, with a given load a definite ex- 
citation results in a minimum armature 
or stator current. This condition corre- 
sponds to 100 per cent power factor. At 
other values of excitation there is more 
or less lagging or leading wattless, cur- 
rent, the amount depending upon the de- 
parture from unity power factor excita- 
tion. 


Size of Field Rheostat 


Q. How can I determine the size of 
field rheostat necessary for a 2 kw. 220 v. 
10 amp. shunt wound generator? 

Santa Fe, N. M. J. Korten 

A. Ir ts impossible to determine the 
size of a field rheostat from the data you 
submit. To calculate the rheostat resis- 
tance and capacity, the following data 
must be available: 

1. The saturation curve, or a curve 
showing terminal volts at normal speed, 
plotted against field amperes. 
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2. The amount of voltage regulation 
desired. 

3. The resistance of the field winding. 

A typical saturation curve for a shunt 
wound generator is shown in the accom- 
panying drawing. Assume that the field 
resistance line corresponding to the zero 
setting of the rheostat is that marked Rr 
= O. This line shows the voltage neces- 
sary to send various currents through the 
resistance of the field winding; it is a 
straight line through the origin with a 
slope equal to the resistance of the field 
winding. The intersection of A of this 
line with the saturation curve determines 
the maximum terminal voltage obtainable 
at normal speed, since the voltage neces- 
sary to send any current greater than Ia 
through the field winding could not be 
generated with that field current. Then 
assume the Es is the minimum voltage 
which it is desired to obtain by means 
of the field rheostat. The saturation 
curve shows that a field current Is is 
necessary to generate this voltage. 

The total resistance of the field cur- 
rent for this condition then is E ~ Is 
ohms and is equal to the slope of the 
straight line connecting the origin with 
point B, marked Rr = Max. in the dia- 
gram. The resistance required in the field 
rheostat is, therefore, given by the dif- 
ference between this maximum total re- 
sistance and the resistance of the field 
winding. A standard rheostat should be 
selected whose resistance is equal to or 
slightly greater than this value. The 
rheostat should have a continuous cur- 
rent rating at least as great as the field 
current I, corresponding to the zero set- 
ting of the field rheostat. 


Cleaning Ammonia 
Condenser 


Q. Wuar is the best method of clean- 
ing an ammonia condenser? We have a 
double-pipe ammonia condenser the water 
tubes of which are very badly scaled. 
How can these be cleaned? It has been 
suggested that we fill them with kerosene 
for a few days. Would this loosen the 
scale and if so would the kerosene have 
any harmful effect upon the subsequent 
operation of the condenser ? 

Chicago, III. T. E. Hanson 
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A. THE procedure involved in clean- 
ing and removing scale from the water 
pipes of double-pipe ammonia condensers 
depends on so many specific conditions 
not touched upon in your question that 
it is impossible to give you more than a 
few general suggestions. The exact com- 
position of the scale itself is perhaps 
the most important factor and you give 
us no clue as to what that is. 

The first method that comes to mind, 
of course, is the use of mechanical clean- 
ing tools such as are found on the mar- 
ket. These are similar to those used for 
removing scale from boiler tubes. 

If the scale is so hard that it cannot 
be removed by running a hand scaling 
tool through the tubes, it is doubtful 
whether the kerosene treatment referred 
to would do any material good insofar 
as removal of the present deposit is con- 
cerned. The virtue of oils is to produce 
a non-homogeneous “rotten” scale forma- 
tion rather than to affect the scale after 
it has formed. For this purpose a heavier 
oil is more advantageous because it leaves 
a heavier deposit tending to produce a 
line of cleavage between the layers of 
scale deposited before and after the ap- 
plication of the oil. 

One method which used to be used in 
cleaning evaporators might be applied in 
cleaning a condenser. This is the so- 
called cracking process in which the tubes 
are heated by the passage of steam 
through them and then suddenly admitting 
cold water. The consequent contraction 
causes a relative movement between the 
tubes and the scale and the scale cracks 
off. If, previous to the formation of the 
scale, oil had been applied it is possible 
the scale would crack off more readily 
than without it 

In your case, turning off the cooling 
water until the water pipes and scale had 
come to the temperature of the conden- 
ser and then suddenly turning the water 
on again probably would have some ef- 
fect in loosening the scale, and the peri- 
odic use of oil undoubtedly would make 
the scale more readily removable. 


Induction Motor 
Refuses to Start 


Q. One or the drives in our plant re- 
quired a constant speed motor. The only 
machine available, however, was a three 
phase 440 v. six pole wound rotor induc- 
tion motor, so we adapted it for use as 
a constant speed machine by operating it 
with the rotor winding short circuited at 
the slip ring brush holders. For starting 
we use a compensator with start and run 
positions. 

This arrangement works satisfactorily 
and in nine cases out of ten the machine 
will start its load and come up to speed 
in a normal manner. There are times, 
however, when the machine will not start 
and during the time that this condition 
exists it seems as though a single phase 
condition exists or that the rotor is locked 
magnetically in one position. 

At such times, by moving the position 
of the rotor either clockwise or counter- 
clockwise with or without current on the 
stator the motor will start its load with- 


612 


out trouble. The motor appears in per- 
fect condition, it has been checked for 
reversed poles and phases. 
Can you suggest anything to overcome 
this difficulty? F, Moran 
Berwyn, IIl. 


A. As you suggest, the reason that 
this motor will not start with the rotor 
in certain positions is because the rotor 
is magnetically locked in position. The 
remedy is to insert external resistances in 
the rotor circuit during the starting pe- 
riod. Should this be inconvenient you 
might try short circuiting only two of the 
rings through their respective brush hold- 
ers when starting. This method has gen- 
erally been successful in starting such a 
motor. Under these conditions the rotor 
is operating with a single phase winding 
and will accelerate to one-half of normal 
speed. It will then be necessary to short 
the third ring to bring the motor up to 
normal speed. 

The insertion of external resistance in 
the rotor circuit is, of course, the recom- 
mended method of starting wound rotor 
induction motors. With wound rotor mo- 
tors of small horsepower rating, how- 
ever, and a load of small inertia, the 
method suggested above may prove sat- 
isfactory; at least it can be no more 
severe on the motor than the method you 
now employ. In the case of present day 
designs the tendency to lock in position 
is overcome by skewing the rotor slots. 


Through the Air Heater 


In THE August “Practical Engineer” 
section, the question of what per cent of 
the total air for combustion passes 
through the air heater was raised. The 
air passing through the air heater de- 
pends upon two factors: The tightness of 
the boiler setting, and the tempering air 
required by the pulverizer. 

The infiltration through the setting 
will vary from about 5 to 20 per cent, 
depending upon the type and age of the 
furnace. A small, compact modern unit 


i F.D.FAN 
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will have the least leakage, and the larger 
slag tap and hopper bottomed furnaces 
will approach the upper limit. 

f the pulverizer is of the type that 
uses preheated air from the air heater 
to dry the coal in the pulverizer, there 
will be an additional deduction. The pre- 
heated air from the air heater is usually 
at a temperature too high for evaporating 
the moisture in the coal without pre- 
coking the coal in the burner pipe. This 
air must be cooled down, or “tempered”, 
by cold air, either directly from the 
forced draft fan, or from a connection 
open to the mill room. The schematic 
diagram shows how this may be done. 

The cold air which enters the furnace 
as primary air without passing through 
_ air heater may be computed as fol- 
ows: 


Let 

Ws and Ts = the weight and tempera- 
ture of the hot secondary 
air to the mill. 

We and Tc = the weight and tempera- 
ture of the cold “temper- 
ing” air to the mill. 

Wp and Tp = the weight and tempera- 
ture of the primary air 
required by the mill. 

SH = the specific heat of air at 

constant pressure. 


The total heat contained in the primary 
air above room temperature must equal 
the total heat in the preheated air. above 
room temperature; or 


Wr X SH X (Te — To) = 


Ws X SH X (Tz — Tc) + 
We X SH X (Te — To). 


“Since Te — Tc = 0, and since the specific 


heat is the same throughout, this equation 
simplifies to 
We x (Te —_— To) = Wau (Tz _— Te). 
(Te — Tc) Wa 


(Ta—To) We 
Wa a We= Wr 
Wr—We (Tr—To) 


We . (Te) 
(Ta — Tp) 
(Ta — Tc) 


This is the weight of the primary air 
which does not pass through the air 


heater. 
G. C. KoHrar 
Long Island City, N. Y. 





We= Wr X 


Should Exhaust Be 
Run Into Stack? 


Q. WE Have in our plant two steam 
driven air compressors which exhaust 
steam into the atmosphere. The opening 
of the exhaust steam pipe is located twen- 
ty-five feet above the ground and five feet 
from the chimney stack. The stack is 
constructed of brick and is 110 ft. high. 

The problem is: if there were an 
opening made into the side of the stack 
and the exhaust steam pipe run into the 
stack, allowing the steam to exhaust into 
the stack, would the ensuing results be 
detrimental or beneficial as regards, draft, 
chimney mortar and boiler operation? 

James A. Liccarpy 

Cleveland, Ohio. 
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LETTERS 
AND 


COMMENTS 


Feeding Chemicals Into 
Boiler Feed Line 


COMMENTING on the method of “Feed- 
ing Chemicals into Boiler Feed Line” in 
the July issue, may I suggest that in 
using this method, there is a possible 
chance of entraining air in the enlarged 
section of the feed-water line unless pro- 
vision is made for, and care used in 
completely filling this section so as to 
exclude all the air. As is well known, 
air entering into the boiler by whatever 
method is often a cause of serious pit- 
ting, for wherever the air bubbles attach 
themselves to the interior of the boiler, 
chemical action takes place and little 
blisters are soon formed underneath 
which a distinct erosive or pitting action 
can be detected, and if allowed to con- 
tinue will develop serious trouble. These 
blisters are often coated in such a man- 
ner as to make them look like knobs 
or crusts of scale formations, but on 
puncturing them moisture will be found 
inside and invariably a spongy condition 
will exist, a removal of which will ex- 
pose the erosive: condition. Simple meth- 
ods, such as the one described are often 
practical and inéxpensive, but care must 
be used in its application, to see that no 
air is trapped in with the feedwater 
compound and so get carried into the 
boiler when the feedwater circulation is 
established. One should never lose sight 
of the effect of dissolved oxygen in boiler 
feedwater, and should guard against its 
introduction as much as possible. 

Ansonia, Conn. 

WittiaM T. EstLick 


Coal vs. Petroleum 


WE HAvE recently completed an ex- 
periment with the burning of “Crude Oil 
Residue,” or, petroleum coke, which we 
purchased from a local refinery. 

The coke was burned in a 300 horse- 
power water tube boiler having a pul- 
verizer feed. 

The experiment lasted over a period 
of three months and the results derived 
we feel are of considerable interest. 
When the figures of the cost, consump- 
tion and work done are compared with 
the figures compiled for the same period 
of time under nearly the same condi- 
tions, for coal, which I have listed be- 
low, it can readily be seen that the coke 
is by far the more economical fuel. 


CHICAGO, SEPTEMBER, 1939 





B.t.u. per 1b.—13,500 
Cost per ton delivered—$4.25 
Average tons burned per day—15 
Average cu. ft. of air compressed per 
day—2,355,092 
Kw-hrs. used to operate pulverizer 
motor per day—456 
Averaged load demand—9500 Ib. per 
hr. 
PETROLEUM COKE 


B.t.u. per 1b.—19,500 

Cost per ton delivered—$3.00. 

Average tons burned per day—12 

Average cu. ft. air compressed per 
day—2,554,034 

Kw-hr. used per day to operate pul- 
verizer motor—337 

Averaged load demand 9500 Ib. per 
hr. 

Due to its high B.t.u. content the 
coke required much more air to secure 
good combustion, and because of that 
fact we had’ to discontinue the use of it. 
We found it almost impossible to keep 
it lit when the fire was low, because the 
extra air needed for combustion cooled 
the side walls of the furnace. 

It is my opinion that in a stoker fired 
or hand fired boiler the coke. will give 
satisfactory results at a substantial sav- 
ings. 

James A. Liccarpr 


Diesel vs. Purchased Power 


Because I READ your magazine with 
considerable interest, I am drawing your 
attention to a paragraph on page 471 of 
the July 1939 issue. I have been in the 
power plant field for the last 30 yr. in 
design, construction and operation, and, 
frankly. I feel that I know something 
about it. I suppose that you simply ex- 
tracted certain paragraphs from an article 
which was apparently titled “Diesel vs. 
Purchased Power.” I am _ surprised, 
however, that you would publish an ex- 
tract of this character. 

The statement is made in this extract: 
“If all items of cost are considered, the 
savings by using Diesel power is approxi- 
mately the difference between the cost of 
the fuel and lubricating oil for the Diesel 
and the total cost of monthly power. 
Don’t permit the issue to become compli- 
cated with discussions of depreciati>n, 
maintenance, labor costs, repairs, etc.” 

My experience has been that in many 
cases I certainly would have been glad 
to allow the item of cost of power not 
to be “complicated” by the above men- 
tioned factors, tut I have never been 


able yet to find a formula which would 
eliminate them. They seem to be part 
of the cost of power. 

In addition to the above, the gentle- 
man who wrote this article entirely over- 
looks the item of “fixed charges.” After 
all, it costs something to, build a plant, 
and the average business man who pays 
for the plant expects some. return on the 
money he invests in it. 

The cost of power would be very 
much simplified if we could forget all 
of the items the gentleman mentions, plus 
fixed charges, as it would place us in a 
position to produce very cheap power. 

The writer wishes to distinctly state 
that he is not a public utility man and 
is, in fact, on the opposite side of the 
fence, but nevertheless he shall always 
feel that an honest effort should be made 
to determine the real cost of power, 
either public utility or individual plant. 
Most certainly the items cited above plus 
the “fixed charges” are a legitimate part 
of the cost of power in any plant. 

New York City R. A. LancwortHy 


Editor’s Note: 


The statement quoted by Mr. Lang- 
worthy is the summary of a paper pre- 
sented by H. E. Graham of Fairbanks, 
Morse & Co., before a meeting of the 
North Carolina Ice Association. The 
complete title of the paper was “Ice 
Production Costs of Diesel Power vs. 
Electric Power.” His conclusion was 
reached only after a very detailed analy- 
sis of all the cost factors, including over- 
head. The paragraph printed on page 
471 contained the costs as calculated both 
considering and without considering over- 
head. In the first case the difference be- 
tween Diesel and electric power opera- 
tion was calculated as 52% ct. per ton 
of ice as compared with 60 ct. when the 
overhead costs were not considered. 

Mr. Graham was concerned with a 
direct comparison of the two methods 
of operation. He refers only to the 
“saving” of one method over the other 


_and not to the cost of power as such. 


Furthermore, the statement quoted is 
limited by “approximately” with figures 
given to show the extent of the approxi- 
mation. We believe that Mr. Graham’s 
analysis is fair and complete for the con- 
ditions assumed, although as a representa- 
tive of a Diesel engine manufacturer he 
may have assumed conditions which were 
more favorable to Diesel than to electric 
purchased power. A more complete ab- 
stract of Mr. Graham’s paper will ap- 
pear in an early issue and warrants close 
study. 
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Power Plant 
Auxiliaries 


Cost of construction, cost of operation and re- 
liability of a power plant, depend to a great 
extent upon the selection and installation of the 
auxiliary equipment, says well known engineer in 
outlining modern practice at the Midwest Power 
Conference 


GEO. C. DANIELS, 


Mechanical Engineer 
The Commonwealth & Southern Corp. 
_Jackson, Mich. 


ELECTION of power plant auxiliaries and their 
drives will be governed by the size and function 
of the plant, whether it is isolated or part of an inter- 
connected system, but will also be influenced by the 
fuel, by the manner in which it burned and by the 
steam pressure used. They will range from a simple 
steam driven boiler feed pump, possibly the only aux- 
iliary in a non-condensing engine or turbine plant sup- 
plied by hand-fired boilers, to the multiplicity of all 
electric driven auxiliaries in a modern large central 
station with pulverized fuel fired boilers and turbines 
operating on the regenerative heat cycle. 

Power plant auxiliaries are generally classified 
into two groups, essential and non-essential, that is 
those auxiliaries whose continual functioning is neces- 
sary for the operation of the plant, and those that are 
not needed continuously. Essential auxiliaries might 
also be considered those required to put the plant into 
operation or operated continuously to prevent damage 
to the equipment. Thus for an isolated plant such 
essential auxiliaries would include the boiler feed 
pump, induced and forced draft fans, and fuel feed. 
The circulating water and condensate pumps may or 
may not be essential for starting the plant depending 
upon whether or not some power can be generated 
non-condensing. 

In a plant that has available an outside source of 
power the only essential auxiliary would be a boiler 
feed pump needed to protect the boilers from over- 
heating from the residual heat in the setting or fuel 
bed in case of a complete plant shutdown. With pul- 
verized fuel fired boilers and completely water cooled, 
dry bottom furnaces a boiler feed pump is not essen- 
tial to prevent damage to the boiler in case all auxiliary 
power is lost. Some modern utility plants have been 
designed on this basis and do not have a single steam 
driven auxiliary. 


Stmpuiciry DrEsIRABLE 


Reliability of boiler and turbine auxiliaries are 
essential to continunity of service but reliability is a 
relative term. In an endeavor to achieve reliability 
some designers have resorted to complicated designs 
that may in themselves be a source of unreliability 
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due to a failure of some relatively minor link in the 
operation. Thus a multiplicity of protective electric 
relays may defeat their very purpose and in then- 
selves cause added delay in locating and remedying 
the trouble. Simplicity is a vital ingredient of reli- 
ability. 

Quick starting is essential for some auxiliaries and 
desirable for all of them. Rapid location of trouble 
and ease of emegency repairs or replacement must be 
kept in mind. Maintenance of auxiliary equipment 
should be able to be scheduled and the supervision 
limited to periodic inspection. The apparent unsuit- 
ability of some European equipment in American 
power plants seems to lie in the fact that in this coun- 
try power plant auxiliaries are not given the close 
supervision accorded them in European plants. This 
is not possible with the small operating forces usually 
maintained in American power plants, nor does it 
seem necessary in the light of our past experience with 
auxiliaries designed to operate with the minimum of 
attention. 

TURBINE DRIVES 


Since they are the most direct, turbine drives for 
auxiliaries may appear to be the simplest, and most 
reliable. For isolated plants some steam driven aux- 
iliaries may be essential for starting up the plant and 
the plant heat balance may indicate that they are the 
most economical but the simplicity and reliability of 
the turbine drive is more apparent than real. With 
turbine drives, reduction gears are necessary, except 
for the boiler feed pumps, since the auxiliaries operate 
at lower speeds than is economical for the turbines. 
Remote control is not as simple as with motor operated 
auxiliaries and starting requires more time. Speed 
governors, steam traps and control valves all have to 
be serviced and add to the maintenance. Increase in 
steam pressures and temperatures make the auxiliary 
drive turbine less attractive from the standpoint of 
cost and reliability. 

Use of electric drives for practically all auxiliaries 
in central station plants has become almost universal 
in recent years. This has been due to several factors. 
The use of the regenerative cycle of feedwater heating 
from the main turbines eliminates the need of exhaust 
steam, simplifies the heat balance and the operation 
because the steam extracted for the feed water heating 
varies automatically with the load changes. The elec- 
tric drive is simple, can be started and stopped quickly 
and conveniently from any control point and is more 
flexible. The absence of steam piping to the auxiliaries 
gives more room, simplifies the design and operation 
and reduce maintenance. 

Use of squirred cage motors for practically all sta- 
tion auxiliaries is becoming more pronounced and 
fewer slip ring motors are being used. Full voltage 
starting of squirrel cage motors is the accepted prac- 
tice and pump and fan manufacturers build their 
equipment accordingly. This practice results in greater 
simplicity and also a saving in space required. Power 
consumed by electrical auxiliaries is relatively small 
and depends largely upon the type of fuel burned and 
to a lesser extent upon the condensing water conditions 
and upon the boiler pressure. For gas and oil fired 
plants the per cent of gross generated power required 
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by the auxiliaries varies from 3.5 and 4.0 per cent, for 
stoker fired plants 4.0 to 5.0 per cent and for pulverized 
fuel plants 5.5 to 6.5 per cent. 

In no phase of power plant design has there been 
more diversity of opinion than over the question of 
variable speed for driving essential auxiliaries. Vari- 
able speed drives save power but can seldom be justi- 
fied on this basis alone since the first cost is consider- 
ably greater. More room is required for the equip- 
ment and the greater complication results in increased 
maintenance and less reliability. Since the reasons 
for the desirability of variable speed drives varies with 
type and use of the auxiliaries these will be discussed 
separately. 

Of all of station auxiliaries the induced, and to a 
lesser extent the forced, draft fans, have the greatest 
need for variable speed drives. This has been due 
to the large saving in power that can be effected and 
also due to the rapid wear on the blades and casing 
of the induced draft fans if operated constantly at 
full speed. Variable speed slip ring motors were for- 
merly widely used for this service in spite of the 
objections of step control which required damper 
operation below half speed and generally between 
steps. The control itself also required considerable 
room and increased the complication. 

Two constant speed motors on the fan shaft so 
selected that the larger motor only operates on the 
peak load has been used extensively. This is generally 
more economical than one variable speed slip ring 
motor and close control with the damper ean be main- 
tained. This makes a simple and reliable drive. To 
be economical, the speed and size of the motors have 
to be selected carefully. Synchronous speeds have to 
be selected for the two motors so the designer is very 
limited in his choice. By careful design it is possible 
to get a combination that will necessitate operating the 
larger motor only during peak loads and the smaller 
motor will require only approximately 40 per cent of 
the power of the large motor and operate at three- 
fourths of the speed. 

Two speed motors can be obtained but are usually 
more expensive and one motor is not quite as reliable 
as two motors. The control of the two motor drive is 
somewhat complicated by the necessity of switching 
motors under load and presents some difficulties espe- 
cially with automatic control. 


HyprAvuLic CouPpLina 


Variable speed hydraulic couplings with squirrel 
cage motor drives have recently been developed and 
used which give smooth speed variation from full speed 
down to approximately 20 per cent speed. The econ- 
omy of this drive approximates that of the variable 
speed slip ring motor. It permits cross-the-line start- 
ing of the motor without shock and the control is 
simple and experience thus far indicates that it is 
reasonably reliable even though another piece of equip- 
ment is interposed between the motor and the fan. 

Adjustable inlet vane fans have come into very 
general use for induced and forced draft fans. These 
fans are driven with a constant speed motor and the 
quantity of air or draft is controlled by opening or 
closing the vanes on the fan inlet. This makes a simple 

“and reliable control and where the induced draft fan 
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is located beyond a cinder eliminator or fly ash pre- 
cipitator the wear on the inlet vanes is negligible. 
Other and more complicated speed varying equipment 
has been tried but has not been used extensively 
enough to warrant further comment here. 

Of the various auxiliary drives that of the stoker 
is usually the most difficult to simplify. The speed 
control must be very accurate under widely varying 
torque conditions. A slip ring motor is unsuited be- 
cause its speed depends upon the torque which 
is not constant. A d.c. motor drive is probably the 
most satisfactory for this service. The a.c. brush shift- 
ing motor approaches the d.c. motor in performance 
but is quite complicated and expensive. Mechanical 
speed changing devices operating with constant speed 
motors are also used and since the amount of power 
transmitted is usually not large they can be made to 
operate with little trouble or maintenance. 


PULVERIZERS 


Coal pulverizers usually run at constant speed and 
normally present no drive problem. Pulverizer feed- 
ers may be constant or variable speed depending upon 
the design and operation of the pulverizers. Variable 
speed can be obtained by de. motors usually supplied 
from small motor generator sets or by mechanical 
speed varying devices which, due to their small size, 
are usually entirely satisfactory. 

Circulating water pumps are almost universally 
driven with squirrel cage motors and since the usual 
practice, in all excépt very small installations, is to 
provide two pumps per turbine unit there is sufficient 
flexibility to take care of the difference between sum- 
mer and winter and light and heavy load operation 


-without undue power consumption.. Variable speed 


motor drives can only be justified under the most 
unusual conditions. 

Condensate pumps driven at constant speed cause 
a wide variation in the water in the hot well and at 
low loads the water may recede into the eye of the 
impeller causing cavitation and objectionable noise. 
Occlusion of non-condensable gases in the condensate 
may also be caused by the excessive lowering of the 
water in the suction of the hot well pump. To over- 
come these difficulties the condensate pumps are 0c- 
casionally driven by variable speed motors but other 
and possibly simpler means may be employed that 
permit the use of a squirrel cage motor drive with 
its simplicity and absence of control. The level in the 
hot well may be controlled by throttling the discharge 
or recirculating the condensate, very simple to accom- 
plish automatically, or, the hot well may be deepened 
to extend below the inlet of the condensate pump. The 
design of the condensate pump may contribute to the 
trouble since cavitation is not troublesome with all 
designs. 

All of the other auxiliaries not specifically men- 
tioned above are classed as non-essential, that is, those 
which may stop for a short time without inconvenience. 
These auxiliaries are usually driven by squirrel cage 
motors and offer no problem to the designer other 
than that they must be adequate for the work required 
of them, that they can readily be controlled and lo- 
cated conveniently for inspection and repair. 
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Public Demonstration of G.E’s 
New Oil-Less Circuit Breakers 


N AUGUST 12, the General Elec- 

tric Co. staged an interesting series 
of tests on their two new oil-less types 
of circuit breakers before a group of 
approximately 250 utility, railroad and 
industrial guests at the Schenectady 
plant. These tests showed conclusive- 
ly that new air equipments had been 
developed capable of serving in appli- 
cations heretofore limited to oil type 
breakers. 

Two new circuit breakers were dem- 
onstrated and tested. One, called the 
“Magne-blast” because it interrupts its 
arc magnetically, introduces an entirely 
new principle in the technique of fast 
circuit interruption in air. It is de- 
signed for use with standard vertical 
lift-type metal-clad switchgear, thereby 
realizing all the inherent advantages of 
this type of switchgear. The Magne- 
blast breaker is intended for 5000-v. 
service at interrupting ratings up to 
150,000 kv-a. 

The air-blast breaker is designed 
for 15,000-v. service at interrupting 
ratings up to 1,500,000 kv-a. As its 
name implies, the air-blast circuit 
breaker utilizes a blast of air built up 
under high pressure to interrupt the 
circuit and break the arc. In addition, 
the high-pressure air is used to operate 
the breaker. The stream of air re- 
moves the arc. products causing the 
circuit to be interrupted at first cur- 
rent zero after the contacts have been 
parted. 

The testing of the new oil-less 
breaker equipment took place in the 
high-voltage testing laboratory of the 
company's Schenectady works. As they 
should have been, the actual circuit 
interrupting tests in themselves were 
properly uneventful. One official of 


the company, at the conclusion of the 
tests, reminded the guests of the old 
saying that such tests are usually 
“viewed with disappointment if nothing 
happens; disgust if something does.” 
He congratulated the switchgear divi- 
sion in being able to “disappoint’’ its 
guests. 

To demonstrate conclusively that 
the new type protective equipment 
could “take it,” the interrupting ratings 
of both breakers were exceeded by as 
much as 50 per cent in the tests. In 
spite of this abnormal treatment, how- 
ever, neither of the breakers showed 
any signs of damage when disassem- 
bled for inspection after being put 
through their paces. 

Tests of the air-blast breaker were 
conducted first, with seven interrup- 
tions performed by the breaker. In 
the final test the breaker closed 80,000 
amp. peak inrush current and inter- 
rupted 730,000 kv-a. after six cycles. 
Duration of the arc was only one-half 
cycle. 

The tests on the magne-blast break- 
er were equally severe. Again a suc- 
cession of seven tests were staged that 
culminated in exceeding the breaker’s 
interrupting rating by going up to 
140,000 kv-a. at 4200 v. on the last test. 
The magne-blast breaker tested wags a 
5000-v., 100,000 kv-a. unit. 

At the conclusion of the tests, offi- 
cials of the General Electric Company 
said that they were highly pleased 
with the demonstration performances 
of the new oil-less circuit breakers. 
Several of the company’s executives 
spoke briefly at a dinner in the eve- 
ning. 

M. O. Troy, commercial vice pres- 
ident of the company served inform- 





Fig. |. Utility, railroad, and industrial representatives, and G-E officials in front of the tent 
erected between test house and the control house 
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Fig. 2. Air blast breaker in test vault of 
high voltage testing laboratory at G-E 
Schenectady works 


ally as toastmaster for the affair and 
stated that he believed the new oil-less 
type switchgear would mark an epoch 
in electrical history. 


E. O. Shreve, vice president in 
charge of apparatus sales for the com- 
pany, spoke of the breakers as a “very 
material advance in the art of protect- 
ing electrical circuits,” and stated that 
the company was “very proud of the 
new equipment.” 


D. C. Prince, engineer of the switch- 
gear division, emphasized the fact that 
the breakers are not just in the labo- 
ratory or developmental stage, but are 
actually ready to go into regular serv- 
ice, and cited some of the installations 
that have already been made of the 
equipment. Of the air-blast breaker 
Mr. Prince promised: “This breaker 
will be made available in ratings up 
to 3,500,000 kv-a. interrupting capacity 
at 287,000 v., and this compares with 
the largest oil-type breakers now in 
service.” 


Mr. Prince further described the 
new air-blast breaker as the first of a 
line of breakers to be extended to cover 
the entire breaker field. 


Mr. Prince referred to the difficulty 
of standardization and the inability to 
handle high voltages as two specific 
limitations of the type of air circuit 
breakers used in European countries, 
and stated that both were overcome by 
the oil-less breakers introduced by his 
company. 


It was pointed out that both the air- 
blast breaker and the magne-blast 
breaker had been designed to permit 
standard arrangement of buses, current 
transformers, mechanical interlocks aud 
associated devices. Each breaker is 
assembled and shipped as a single unit. 
Size of the new oil-less type breakers 
is smaller than that of oil breakers in 
comparable ratings. 


617 











ew Equipment 





Information that you desire about any equip- 
ment will be gladly furnished without obligation. 
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Single Stage Pumps 


Attts-CHALMERS Mrce. Co., Milwau- 
kee, Wis., Centrifugal Pump Division, 
announces the inclusion of ball bearings 
as standard equipment on nearly all its 
line of single stage centrifugal pumps. 
The design is a single row deep groove 
ball bearing on both ends of the pump 
in cast-iron adapters arranged for grease 
lubrication. The designs call for con- 
servative loadings based on carefully 
computed thrust and radial loads. The 

















single row type of anti-friction bearings 
have long been successfully used in the 
company’s metors, which have even much 
heavier loads than ever experienced in 
centrifugal pumps. Lock nuts used on the 
shaft at both ends conveniently hold the 
ball bearings in place without resorting 
to any press or shrink fits. The use of 
an adapter inside the main housing pro- 
vides a sort of double seal which prevents 
grease from leaking to the exterior of the 
pump and at the same time any water 
which may enter the bearing housing will 
be thrown off from the shaft before it 
can enter the adapter. 


Power Tap Switches 


THREE NEW models in addition to the 
40 amp. tap, switch recently announced, 
now completes the series of new Ohmite 
all-enclosed high-amperage tap switches. 
These units extend the convenient appli- 
cation of tap switches to higher currents 
than ever before practical. 
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These new tap switches are multi- 
point, load-break, non-shorting, single- 
pole, rotary selectors particularly de- 
signed for alternating current use. They 
are remarkably compact and perfectly 
insulated. The ceramic construction pro- 
vides ideal insulation. Contacts and 
mechanism are entirely enclosed and pro- 
tected. Large diameter silver-to-silver 
contacts are self-cleaning—require no 
maintenance. Positive cam-and-roller 
mechanism provides desirable “slow- 
break”, quick-make action for alternat- 
ing current— minimizes sparking—in- 
creases the life of contacts. The shafts 
are electrically “dead’”—insulated by 
strong steatite hubs. 

These switches meet the switching 
requirements for any number of appli- 
cations: switchboards, heater or oven 
control, arc welders, spot welders, dia- 
thermy and x-ray equipment, radio trans- 
mitters, voltage regulators, battery charg- 
ers, motor control, tapped transformers, 
electrical machine tools, dryer control, 
pyrometer circuits, ventilating fan con- 
trol, meter circuits, etc. 

Ohmite Manufacturing Co., 4835 
Flournoy St., Chicago, III. 


Welding Fitting 


A NEw type of seamless forged steel 
welding fitting has been announced by 
Taylor Forge & Pipe Works, Chicago, 
Ill. The outstanding feature of this weld- 
ing fitting is the annular lip, which is 
forged integral with the fitting. 

By firmly centering the fitting in the 
pipe to which it is to be welded, the lip 
eliminates the need for backing rings, 
clamps and guides for holding the fitting 





in position, and is said to greatly simplify 
and expedite pipe welding. The ring re- 
mains cooler during the welding than the 
molten weld metal. As a result, the bot- 
tom of the “V” appears darker than the 
sides. This color contrast is said to be 
an ideal guide to the welder, permitting 
him to obtain complete penetration with- 
out burning through. Like Taylor forge 
WeldELL, the “Centring” type are full 
pipe thickness throughout with selective 


reinforcements in zones where greatest 
stress occurs. They also have tangents, 
machine-too! bevels, ends marked in 
quarter sections, and name, size, and 
weight rolled into each fitting for quick 
and easy identification. 


Motor Drive 


THE NEW Philadelphia PlaneTorque 
MotoReduceR, supplied for horizontal or 
vertical drives in all horsepowers and 
ratios for industrial use, is a motor drive 
made by Philadelphia Gear Wks., Phila- 
delphia, Pa. The motor is shut off auto- 
matically and instantly when the load 
exceeds a predetermined value. As soon 
as the excessive load is removed, the unit 


a 





is ready to start without resetting. When- 
ever excessive torque is imposed on the 
output shaft of the PlaneTorque Moto- 
ReduceR, the increased torque required 
to rotate the planet gears mounted on the 
output shaft Spider transmits a higher 
torque to the internal gear which is held 
in normal position by the lug and heavy 
spring. When the torque on the internal 
gear exceeds a predetermined value, the 
torque spring is compressed. This move- 
ment of the lug actuates the switch at 
the top disconnecting the power. 


Valves 


ANNOUNCEMENT has been made by 
McKenna Metals Co., 177 Lloyd Ave., 
Latrobe, Pa., that pump valves and other 
valves subject to unusual abrasive or cor- 
rosive action are now being made of 
Kennametal. 

Illustrated in Fig. 1-A are several high 
pressure needle valves, equipped with 
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wZAlve values 


TITLE REG. U. S. PAT. OFFICE AS TRADE MARK 


e EAST CHICAGO, INDIANA 


MIGHTY BOILERS SERVED BY 
EDWARD HAND CONTROL VALVES 


THE EDWARD VALVE & MFG. CO., INC. 





SWING TYPE NON- 
RETURN VALVE FOR 
EXTRACTION LINES 


Here is the newest addition to 
the Edward series of bleeder line 
non-return valves. This is size 
6 in. Other sizes go up to 24 in. 
In normal use it operates as a 
plain swing check valve. The | 
bottom cylinder contains a com- 
pressed spring, exerting hundreds 
of pounds pressure, which in case 
of emergency is released upon 
loss of turbine oil line pressure, 
pulling the swing disk to positive 
closure. Minor refinements have 
been incorporated in the latest 
addition to this line, designated 
in Edward Catalog 11K as Fig. 
212. It protects turbines against 
back flow through a bleeder line. 
It is made 


in steel or iron, f 
according to working conditions. I T S N E Ww ; 


OLD FIG. 2688 DOLLED UP 

Perhaps you haven't noticed the rejuvena- 
tion of the leader of the Edward forged steel 
valve lines, Fig. 2688. As the years pass, 
improvements in material and design have 
been incorporated without interfering with 
complete interchangeability of all parts. Con- 
spicuous in this external view of a 2 in. Fig. 
2688 are the new streamlined body—with 
reduction of weight but no impairment of 
strength or effective wall thickness—the im- 
proved packing nut, and the high leverage 
knobbed handwheel. Over 13,000 sq ft new 
production space at Edward plant permits 
simplified and improved quality control. 


STOP - CHECK: 3B EGW 
FEED-LINE R'E LEE 


STUDY ABRASION OF 
HOT STEELS 


Edward laboratory workers 
have studied for years the 
problems of friction and gall- 
ing of valve parts. These 
tests, conducted with the aid 
of the equipment at the left, 
subject rings of steel to high 
temperatures under reciprocat- 
ing motion. Loads range 
from 100 lb psi up to 2000 lb. 
Chemical and physical prop- 
erties, hardness, machine fin- 
ish, prior working—cold or 
hot—are among the variables 
related to abrasion tendencies. 
Recent projects seek to isolate 
effect of high pressure on sur- 
faces in operating contact. 


NON - 
tl NOE « 


- OFF 
BLEEDER 


o EDWARD ¢ 


Increased use of 
Edward globe valves, 
with parabolic disks 
for manual throttling 
regulation, marks re- 
cent installations. 


Beginning with feedwater 
control of an early super- 
boiler, operating in the 
1400 lb range at a steam 
temperature above 900 F, 
this type of valve has had 
occasion to prove its use- 
fulness for water, oil or 
steam service under widely 
differing conditions. Shown 
is a 5 in. 900 lb valve 
with Stellited disk and 
seat, built for a southern 
cotton mill. This bonnet 
has a pad for possible 
future installation of motor 
control. Regulation at 
present is by handwheel 
through pinion, gear and 
EValthrust yoke bushing. 
Similar valves have been 
built in various sizes and 
pressures from 2!2 in. to 
16 in. and from 200 lb to 
1800 lb. In details of 
construction and internal 


flow areas they have those characteristics which have been found 
important in Edward standard globe valves. They demonstrate the 
tule that it takes a globe valve for throttling service or for 
tight closure. Your Edward representative has further details. 


NOTCHED DISK ALSO USED 


For valves of smaller sizes, 
2 in. and down, the notched 
type of triple guided disk 
shown in the cut has its ad- 
vantages. The disk lifts well 
off its seat before full regula- 
tion begins through the aper- 
tures formed between the seat 
and the disk guides. The 
aperture areas vary in propor- 
tion to handwheel movement. 


RET @ RON 
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DISK OF PARABOLIC FORM 


Here is the type of para- 
bolic disk used in the regu- 
lating valve above. Through 
the most useful range of 
capacity of the valve, the flow 
area through the seat is pro- 
portional to handwheel move- 
ment. Seating is on beveled 
surfaces which separate be- 
fore the streamlined parabolic 
plug exerts effective control. 
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Kennametal needle tip and seat, which 
were used in experiments involving a 
tarry fluid containing grit. It was neces- 
sary to replace only one valve every one 
to two weeks. 

In tests recently conducted by a large 
oil well equipment manufacturer, Ken- 
nametal balls (see Fig. 1-B) were ham- 
mered against seats of Kennametal by a 
pneumatic hammer, using 300 blows per 
minute of ram, 25 ib. per sq. in. air pres- 
sure and 3/32 in. play between ram and 
ball and seat. After 105 minutes of ham- 
mering, the valves were still serviceable. 


Pump 


THE AvpricH Pump Co., Allentown, 
Pa., announces the newly developed Ald- 
rich-Groffe “Powr-Savr” Pump which 
is of the variable-stroke vertical triplex 
type. This pump affords positive control 
of delivery without requiring any change 
in speed to thus utilize constant speed 





A.C. motors, or, steam turbines whose 
economy at fractional loads is consider- 
ably improved as compared to variable 
speed operation as heretofore necessary. 
Operation of the pump is not confined 
to high grade lubricating oil as it is de- 
signed to handle almost any free flowing 
liquid at pressures ranging from about 
200 up to 15,000—P.S.I. The entire run- 
ning gear is totally enclosed in an oil- 
tight frame and all bearing points of the 
pump proper are positively lubricated by 
a self-contained pressure oil-circulating 
system to adapt the pump to severe con- 
tinuous service with a minimum of at- 
tendance and maintenance. Control of 
the rate of delivery may be accomplished 
from any desired remote point either 
manually or automatically using conven- 
tional liquid-level regulators; pressure 
regulators; flow regulators; temperature 
regulators, etc. 


Bleeder Line Valves 


THE Epwarp VALVE & Mre. Co., INc., 
. East Chicago, Ind., announces the Re- 
designed Bleeder Line Non-Return Valves 
for use in preventing steam flow back to 
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turbines. Cast iron or cast steel valves of 
the swing disk type, with oil operated, 
spring loaded piston on bottom, are avail- 
able in sizes 6 in. to 24 in, A heavy 
spring exerting hundreds of pounds of 
pressure is built into the lower cylinder. 
Turbine oil pressure from 25 to 45 Ib. 
per sq. in. compresses the spring, but will 
release it quickly whenever pilot valve 
drains oil from cylinder. A top and bot- 





tom guided stainless steel rod connects 
piston to disk through a loose link, which 
allows the disk to swing freely when 
spring is compressed, but closes disk 
whenever spring extends. Stuffing box 
and bypass on top of oil cylinder allows 
accumulated turbine oil to be safely re- 
turned to reservoir. Lantern gland stuff- 
ing box on valve permits condensate to 
be drained away. 


"Packaged" A-C 
Generator 


A NoveL “Packaged” Generator for 
producing a-c power has been recently 
developed by Electric Machinery . Mfg. 
Company, Minneapolis, Minnesota. The 
“packaged” arrangement makes for a 
compact, simple easily installed, less ex- 
pensive generator installation. The gen- 
erator is suitable for direct drive or 
belted drive by Diesel, gas, or gasoline 







“PACKAGED” 
GENERATOR . 


-——WALL- MOUNTED 
_ GENERATOR SWITCH 





engines and other types of prime movers. 

The unit consists of (1) a fabri- 
cated, all-steel generator of new, com- 
pact, cool-running design, (2) an exciter 
which is either mounted on and V-belt 
driven by the generator, or direct- 
connected to the generator, and (3) a 
generator-mounted voltage-control cabi- 
net which contains a voltage regulator of 
new, simple construction, and the gen- 
erator voltmeter and ammeter. The ma- 
chine is thus a complete, self-voltage- 
regulating unit ready to connect to the 
electric power load. 

Because voltage regulator and motors 
are part of the generator the usual 
switchboard is not necessary. Leads from 
the generator can simply be run to the 
load through a wall-mounted or floor- 
mounted generator switch. Ordinary a-c 
motor starters are well suited for smaller, 
low-voltage generator switches. 


Diesel Engine and 
Generator 


THE NEw Hill-Diesel Engine and Gen- 
erator now in production by the Hill- 
Diesel Engine Co., Lansing, Mich., is 
rated at 5 to 7% kw. The new 2R engine 





has two 3% by 5% in. cylinders, is de- 
signed for 1200-1800 r.p.m. operation and 
has a rated output of 15-20 hp. Starting 
equipment includes a 12 v. motor, bat- 
teries and switch. The net weight of the 
engine-generator set is 1400 Ib 


Circuit Breaker 


SguarE D Co., Detroit, Mich., an- 
nounces an addition to its line of Multi- 
breakeRs. By reducing the size and limit- 
ing the capacity to 25 a. the new type 
MO Multi-breakeRs are low in price. 
The new models now in production are 
available in single or double pole devices 
having flush or surface mounting, with 
or without grounded or insulated neutrals. 
Capacities are 15, 20 or 25 a. for 115-230 
Vv. a.c. service. 

Applications of the new MO Multi- 
breakeR are, many, including electric 
water heaters, small electric ranges, 
branch lighting and motor circuits for 
industrial plants, homes and farms. With 
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NALCO SYSTEM 
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ND any smart pupil might add: “COMPLETE SERVICE .. . 
COMPLETE PROTECTION . .» COMPLETE SATISFACTION!” TH E NAL C O 
That’s what you get when you adopt the Nalco System of Feedwater = Y = T E M O F 


Treatment. We will be glad to make a survey and report on your plant 


without obligating you in any way. Write NATIONAL ALUMINATE 
CORP., 6224 W. 66th Place, Chicago, Il. FEEDWATER 


Inquiries other than domestic, except those from U. S. Possessions, Canada and Mexico should be T R E A T M E N T 
addressed to ALFLOC LTD., Bush House, Aldwych, London, W.C. 2, Eng. Canadian inquiries 
should be sent to ALUMINATE CHEMICALS LTD., 372 Bay St., Toronto, Ont. < 
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this grounded neutral the 2-pole_ device 
will have extensive use as service en- 
trance equipment for small homes and 
cottages. 


200-Ampere-Welder 


HARNISCHFEGER CorpP., Milwaukee, 
Wis., announces its new P&H-Hansen 
Model WA-200 (square frame) welder 
which provides extremely simple adapta- 
tion for use in parallel hookups. These 
new square-framed welders, which occupy 
only 3% sq. ft. of floor space, give a 
welding range from 40 to 225 amp. 
Where a wider range is desired, as is 
the case in many plants for an occasional 
job or so, they may be mounted one on 





the other and hooked in parallel. When 
two units are mounted in parallel, such 
an installation provides two 225-amp. 
welding services, or one 450-amp. weld- 
ing service. Thus installed, they may be 
used singly or in parallel, connected or 
disconnected at will by means of a paral- 
leling switch mounted on the unit at the 
bottom. When used in parallel the two 
units are controlled automatically in one 
operation by the Multiple Shifter, making 
possible a continuance of the P&H Han- 
sen single-current control, whereby, auto- 
matically, the open circuit and arc voltage 
are automatically regulated for the proper 
welding heat. 


Flange and Take-Up 
Bearing Units 


Besipes their line of permanently 
sealed Sealmaster Ball Bearing Pillow 
Blocks, Stephens-Adamson Mfg. Co., 
Aurora, Ill., are now featuring self- 
contained Flange and Take-Up Bearing 
Units. The same advanced seal design 
used for the Pillow Blocks are built into 
the new Flange and Take-Up Units. 





Sealmasters are self-alining Bearing 
Units with seals built in as an integral 
part of the bearing proper, independently 
of the housing. The Sealmaster Cen- 
trifugal Labyrinth Seal effectively seals 
bearing against all foreign material, and 
retains lubricant. Misalinment of the 
shaft cannot interfere with the effective- 
ness of the seal, for even though bearing 
is removed from the housing, dirt cannot 
enter the bearing. 
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Carrier Current Coupling 


Capacitors 


CorNELL-DvuBILIER ELeEctRic Corp., 
South Plainfield, N. J., announce the new 
large CA Carrier Current Coupling Ca- 
pacitor. The fog type petticoats give 
a large creepage distance between termi- 
nals. The capacitors are constructed with 
galvanized malleable iron mounting 





td 


flanges so that they may be stacked for 
series, high voltage connection. New in- 
ternal mechanical construction affords 
great tensile strength. The base and top 
are sealed so as to afford leakproof 
service. The capacitor sections are de- 
signed for low resistance at high fre- 
quencies, and very low 60 cycle stress. 
These individual units are now made up 
to 46 kv., but may be stacked to operate 
at any desired voltage. 


Vibratory Feeder Machine 


DESIGNED primarily as a piece of lab- 
oratory equipment and for taking care of 
real small feeds of material to industrial 
processing machines, a new, small model 

FM-0-10 dry feeder machine has just 
been added to its line of larger capacity 
vibratory dry feeder machines by the 
Syntron Company, 494 Lexington Ave., 
Homer City, Pa. 





A 1-cu. ft. hopper supplies material to 
a vibratory feeder conveyor trough. The 
rate of flow of material through this 
feeder trough is regulated by the ampli- 
tude of the trough’s electro-magnet vi- 
brator which is controlled by means of a 





rheostat mounted in a separate wall panel 
controller supplied with each machine. 
The hopper is kept free flowing by a 
small electro-magnet vibrator attached to 
one of its sides that prevents arching over 
and clogging up of material. 


Lamp Changer 


A NEw TYPE of safety tool in the form 
of a suction cup lamp changer has re- 
cently been put on the market by the 
Suction Cup Lamp Changer Co., 826 
Delaware St., Scranton, Pa. The lamp 
changer consists of an especially designed 
suction cup which is mounted on one 
end of ‘a pole and provided with a string 
which releases the grip of the lamp 





changer after a new lamp has been put 
into the socket. The one sized suction 
cup is designed to grip a large number 
of different sized lamp bulbs and thus 
obviates the necessity of having a number 
of different sized lamp changers. The 
standard lamp changer as manufactured 
is equipped with a four foot wooden 
pole. The company is in a position to 
furnish an extension packet by the use 
of which the standard four foot lamp 
changer can be attached to any length 
of extension pole. 


Flood Control in 
New England 


FouR HUNDRED MILLION gallons per 
day is the capacity of 11 Warren pumps 
furnished for the Springfield, Mass., flood 
Control Project. The accompanving 
photograph is a shop view of a 48-in. 





unit, one of two of the same size in- 
stalled at the Phelps Avenue Station in 
Springfield. Each of these pumps has a 
capacity of 75,000,000 g.p.d. or 52,000 


g.p.m. In addition to these there are 
seven 30-in. pumps and two 20-in. 
pumps. 
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Stuffing Box 
Extra strong construction— 
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Bronze Stem 
Perfectly aligned—repacking 
seat above stem threads. 
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contact for stem. 


A. 
: ia Drain Channels 
Large and unobstructed—ample 
sh As 


size to drain bonnet. Will not clog. 


ve 8 Bronze Disc and 
Rolled in Bronze Seat Rings 
st Bronze to bronze contacts 
prevent corrosion. 


Fi g. Key Te THE LUNKENHEIMER C2. 


—= QUALITY’ 
CINCINNATI, OHIO. U.S.A. 


NEW YORK CHICAGO 
BOSTON PHILADE 


ee 
EXPORT DEPT. 318-322 HUDSON ST. NEW YORK 





CARRIED IN STOCK BY LUNKENHEIMER DISTRIBUTORS 


CHICAGO, SEPTEMBER, 1939 





Light Sensitive Foil 


THE Oza ip Corp., 354 Fourth Ave., 
New York, N. Y. The Oczalid foil de- 
veloped to give the dry developing process 
all the flexibility of the wet process using 
negatives and dark rooms. The new foil 
can be used as a substitute for the orig- 
inal drawing in cases where more than 


REPRESENTING 
AN OLD WORN 
TRACING 


A TRUE RENDERING 
OF THE REINFORCING 
QUALITIES OF 
OZALIO FOIL 


A SUBSEQUENT OZALID PRINT 
MADE FROM THE FOIL 


one original is needed; to provide an 
extra fast printing substitute for slow 
printing originals; to reclaim unservice- 
able old worn tracings; to superimpose 
several partial prints so as to obtain a 
composite print. The foil is supplied in 
clear, catalog No. 4850 and matted, cata- 
log No. 4975. The latter has a roughened 
surface which will take ink or pencil 
lines or erasures in the printed lines can 
be made with a corrector fluid. 


Wire Wound Resistor 


Warp Leonarp Etectric Co., Mount 
Vernon, N. Y., announces a new vitreous 
enameled wire wound resistor. Accord- 
ing to a statement by the company, more 
than 10 years of intensive research has 
been spent in development work on re- 
fractories, wire processing and enamels. 
This produced a crazeless enamel struc- 
ture that withstands humidity, moisture, 
immersion and numerous other specified 
tests. The use of New Vitrohm by 
which the new resistor is known has not 
necessitated any change in price. 


Small Welder 


A NEw small arc welding machine, 
designed especially for use by garages, 
blacksmith shops, job welding shops, 
contractors, machine shops, etc., is an- 
nounced by The Lincoln Electric Co., 
Cleveland, Ohio. The new machine makes 
it possible for such concerns to mini- 
mize first costs in equipping for arc 
welding. This new welder, known as the 
Shield-Arc Junior, has been built for use 
in conjunction with an engine or electric 
motor drive and is rated at 200 and its 
current range, welding duty, 30-v. arc, 
is 60 to 250 amp. The machine is 295% 
in. long over pulley, 18 in. high with a 
base 15% in. x 195 in. The net weight 
is 320 Ib. 


Aluminum Paint 


THE SxkysryTE Co., Cleveland, Ohio, 
announces a new ready-mixed aluminum 
paint “Fence-Bond”, specially formu- 
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lated for painting rusted chain link fence 
without removing the rust. The base oils 
are of the penetrating type which creep 
into all joints and contact points, sealing 
the rust against further corrosive action. 
The pigment is Alcoa Albron Paste 
mixed at the factory under controlled 
conditions. This is said to insure better 
dispersion of the metal particles and re- 
sult in a brilliant silvery durable finish. 


Fluorescent Lighting Unit 


A COMPLETE Fluorescent Lighting 
Unit for industrial and commercial users 
has been announced by the Hygrade 
Sylvania Corporation, Salem, Mass. This 
unit, called the Hygrade HF-100, is 
sold complete with two standard HY- 
GRADE 40 watt, 48 inch Fluorescent 
Lamps, ready to hang up and plug in 
any standard 60 cycle A.C. socket. Two 
different types of units are available, one 
for operation on 115 volts, the other on 
230 volts. Among the many advantages of 
this new unit is the fact that it is cor- 
rected for power factor, stroboscopic 
effect is practically eliminated and it is 
easy to install. 

The Hygrade HF-100 has an over- 





all length of 57 in., overall width of 9 in. 
and overall height of 7 in. This complete 
unit is extremely efficient, providing sev- 
eral times the light, with only one- 
quarter the radiant heat and one-half 
the total heat of incandescent light 
sources. 


Iron Cocks 


A NEw line of asbestos groove- 
packed iron cocks has been announced 
by the Reading-Pratt & Cady Division of 
the American Chain & Cable Co., Inc., 
Bridgeport, Conn. This new type has 
the usual gland to hold the plug in posi- 
tion and an additional gland to compress 
the top packing. Pressure on the plug 
and packing can be controlled separately. 
This new design results in a 50 per cent 
reduction in the effort required to oper- 
ate the cock and there is less wear on 
the moving parts. Alemite lubrication is 
provided through a groove between the 
top of the plug and the top gland. 
R-P&C Dual Gland Cocks are made in 
sizes from 1% in. to 6 in. for 125 Ib. 
and 250 Ib. steam pressures. For cor- 
rosive or high temperature services they 
can be supplied made from Ni-Resist 
(nickel-chrome) iron. 


News from the Field 


D. W. Haerinc & Co., Chicago, IIl., 
has moved its offices to the plant at 2308 
S. Winchester Ave. where adequate 
space to accommodate an increased office 
and executive personnel has been pro- 
vided. The company laboratory will be 
retained at 3408 W. Monroe St., where 
the previous office quarters are being al- 
tered to provide new and larger library 
facilities for the research staff. z 
Haering & Co. was organized in 1931 
for the manufacture of glucoside deriva- 
tives for scale and corrosion control de- 
veloped through the research activities of 
D. W. Haering. Under the new arrange- 
ment, D. W. Haering & Co. headquarters 
in Chicago will be at 2308 S. Winchester 
Ave., while research and service labora- 
tories will be continued and expanded at 

408 W. Monroe St. Recent additions 
and changes in company personnel in- 
clude the appointment of Chas. W. 
Bourne in charge of the Virginia terri- 
tory operating from 725 W. Main St. 
Richmond, Va. R. E. McConighen in 
charge of the Wisconsin territory operat- 
ing from 124 W. Brown St., Milwaukee, 
Wis., and John A. Coleman in charge 
of the Dallas area operating from 4104 
Stanhope Ave., Dallas, Texas. 


Biraw-Knox Co. announces the ap- 
pointment of Lawrence E. Joseph as ex- 
ecutive officer in charge of its Blaw-Knox 
Division. Mr. Joseph succeeds R. F. 
McCloskey, Sr., a company vice presi- 
dent, who was placed in charge of the 
development of new products for the 
entire corporation. 


New ENGLAND Power ASSOCIATION 
has asked authorization by Federal 
Power Commission for its subsidiary, the 
New England Power Co., to acquire gen- 
erating station and transmission lines of 
Bellows Falls Hydro-Electric Corp., also 
the lines of Connecticut River Power 
Co. in New Hampshire, which connect 


Bellows Falls Co. system to that of New 
England Power Co. For the Bellows 
Falls system the price is to be $12,381,- 
739.66 of which $9,000,000 will be in cash 
and the balance in common stock at $30 
a share or in cash. The Connecticut Co. 


will be paid $627,747.30 in cash. 


Biaw-Knox Co., Pittsburgh, Pa., an- 
nounces the appointment of S. J. Horrell 
as sales manager of the Power Piping 
Division, with headquarters at the com- 
pany’s home office in Pittsburgh, Pa. 


E_mer H. Booz, formerly with the 
Cochrane Corp., Philadelphia, Pa., has 
joined the staff of The Paul B. Huyette 
Co., Inc., Philadelphia office as a sales 
engineer. 


Tue RESEARCH Propucts Corp., Madi- 
son, Wis., had added Richard C. Poucher 
to its sales staff. He will take charge of 
the sales engineering problems for the 
Air Filter Division of the Research 
Products Corporation in Ohio, Michigan, 
Pennsylvania and New York. 


P. Y. DANLEy, manager of the air 
conditioning department of the Westing- 
house Electric & Mfg. Co., was elected 
president of the Air Conditioning Manu- 
facturers’ Association at the recent an- 
nual meeting in Hot Springs, Va. Other 
officers are S. E. Lauer, York Ice Ma- 
chinery Corp., vice president; P. A. 
McKittrick, Parks-Cramer Co., treas- 
urer; and W. B. Henderson, Washing- 
ton, D. C., executive vice president. 

THE SuMMER MEETING of the Na- 
tional Association of Fan Manufacturers 
will be held at Manchester, Vermont, on 
September 14, 15, 16, 1939. At that time 
consideration will be given to further 
additions to the established standards 
and working data now published and dis- 
tributed by the Association. The re- 
sponse for such information by the archi- 
tect, engineer and buyers of fan equip- 
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HUMAN, we might like to do our job _ output needed to be increased 12 to 30 units per hour. 


sitting down—we might like to study friction Shell doesn’t believe problems like these and 

from a swivel chair. hundreds of others can be solved from a distance. 
But that’s out. It takes field service, men on the job Correct lubrication can’t be guesswork. 

right with your machines, for us to get at the cause That is why there are many carefully trained Shell 


engineers, backed by laboratory and refinery 
experts, on Call all the time all over the coun- 
try. Give them the opportunity to go into 
your plant, to inspect your equipment. 
They’ve saved a lot of dollars for American 
business by reducing friction—the right way! 


and cure of friction. 

Take the case of an Oregon gold dredge 
withsand getting into bearings . . . or the 
case of a power plant in a mine where lives 
depended on its running continuously . . . 
or an Eastern manufacturing plant where 
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ment has encouraged them to enlarge 
the scope of this activity. 

Wirarp H. Coss, for the past several 
years general factory manager, mechan- 
ical goods plants, United States Rubber 
Co., has been appointed general manager 
of the Mechanical Goods and General 
Products divisions. This position includes 
supervision of the manufacture of Lastex 
yarn and rubber thread. 

THE Foster ENGINEERING Co., of 
Newark, N. J., has announced the ap- 
pointment of the Energy Control Co., 
55 Brownell Street, New Haven, Con- 
necticult, represented by John A. Larkin, 
as Sales Agent in the State of Con- 
necticut. 

Proressor C. W. Foulk, for years 
Professor of Chemistry at Ohio State 
University and well known in engineer- 
ing circles both here and abroad for his 
research and many contributions on 
foaming and priming of boiler waters, 
has been retained as Consultant on Re- 
search by the National Aluminate Corp. 
He remains on the university staff as 
Professor Emeritus. 

Wit1aAM H. Dunn, Comptroller and 
Assistant Treasurer of Raybestos-Man- 
hattan, Inc., was elected secretary of 
the Corporation at a meeting of its 
Board of Directors in New York on 
July 19, 1939. He succeeds as Secretary 
the late Morton F. Tudd, General Man- 
ager of The Raybestos Division of 
Bridgeport and Stratford, Conn., who 
died recently. 


VLADIMIR KARAPETOFF, professor of 
electrical engineering in the College of 
Engineering, Cornell University, retired 
in June and has been made professor 
emeritus by the Board of Trustees. Pro- 
fessor Karapetoff joined the Faculty in 
1904 as assistant professor of Electrical 
Engineering, and became professor in 
1908. Born in Petrograd, Russia, in 1876, 
he received the CE at the Imperial In- 
stitute of Ways of Communication in 
1897 and the MME in 1902, having 
studied meanwhile at the Polytechnic 
Institute in Darmstadt, Germany. He 
came to America in 1902, was with West- 
inghouse and has been consultant in en- 
gineering to General Electric, many en- 
gineering firms and utilities, and the 
United States Government. He is a pro- 
lific inventor of electrical devices and 
musical instruments, a musician, poet, 
composer, holds a commission as lieu- 
tenant-commander in the U. S. Naval 
Reserve Force, and has written many 
technical books and articles. On leave 
of absence since June, 1938, he lives in 
Leonia, N. J., and will continue as a 
technical consultant. 

Car Lacer, President of Morris Ma- 
chine Works, Baldwinsville, N. Y., died 
at his home in the Adirondacks on July 
17. He had been in the employ of Morris 
Machine Works for nearly 50 yr. Mr. 
Lager was born in Stockholm, Sweden, 
in 1869. Upon graduation from a Swedish 
technical school, and with shop experi- 
ence in Sweden, he came to the United 
States in 1887, became a draftsman and 
foreman for the Allsing Co. of Brooklyn, 
and afterwards was employed by Henry 


R. Worthington in Brooklyn, N. Y. Mr... 


Lager was for 46 yr. a member of the 
American Society of Mechanical Engi- 
neers and was honored by that society 
with life membership. He was also a 
member of the Technology Club of Syra- 
cuse, N. Y., and the Baldwinsville, 
(N. Y.) Kiwanis Club. Mr. Lager is 
survived by a brother, Oscar Lager of 
Philadelphia and a sister, Mrs. Olga 
Ohlson of Rochester. 
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CRANE Co. has been appointed _na- 
tional distributors of the Chiksan Tool 
Co. In addition to Swing Joints, Crane 
Co. will also handle barge and dock hose 
as well as other Chiksan products for 
industrial use incorporating swing joints. 


Ropins Conveyinc Bett Co. has 
closed a contract with the Compania 
Carbonifera y de Fundicion Schwager 
at Coronel, Chile, for a system of belt 
conveyors, both underground and surface. 
The conveyors will handle an ultimate 
capacity of 300 long tons per hour of 
14 in. maximum, dry run-of-mine coal 
from an undersea mine to a preparation 
plant. The system consists of eight 36 
in. wide belt conveyors, approximating 
a distance of 2.25 miles. Several of these 
belt conveyors are exceptionally long. 
Conveyors Nos. 1 and 2 from the rotary 
car tippler to the foot of the inclined 
underground drift are 4300 ft. and 970 
ft. long respectively. A series of five 
belt conveyors then conveys the coal to 
the mouth of the mine, a distance of 
about one mile. The surface conveyor 
from the mine mouth to the preparation 
plant is approximately 1550 ft. long. 


AssociATION of Iron and Steel Engi- 
neers will meet in Wm. Penn Hotel, 
Pittsburgh, Pa., Sept. 26-29. Technical 
sessions will include 25 papers on steel 
plant practice; an exposition of steel 
plant equipment will cover 20,000 sq. ft. 
of fleor space; and visitors will inspect 
Irvin Works and Edgar Thomson Works 
of Carnegie-Illinois Steel Corp. 


THE NATIONAL ALUMINATE Corp. an- 
nounces the appointment of Robert Van 
Grundy to replace J. L. Hickman as serv- 
ice engineer in Texas. Joe E. Davis has 
been appointed service engineer as an 
addition tc the staff in California. 


Epwin Lunpcren has recently been 
appointed vice president in charge of sales 
of Controlled Steam Generators, Inc., 330 
W. 42nd St., New York City. 


Attis-CHALMERS Mrc. Co.’s district 
office at Chattanooga, Tennessee, of 
which D. S. Kerr is manager, has been 
moved and is now located in the Chat- 
tanooga Bank Building, 737 Market 
Street. A new branch office has been 
established in the U. S. Trust Bldg. at 
Louisville, Kentucky. 

A new branch office has been estab- 
lished at LaPorte, Indiana. B. L. Mar- 
geson, formerly in charge of the com- 
pany’s Rockford, Illinois office, will be 
in charge. J. J. Breutzman, formerly at 
their Chicago office, will succeed Mr. 
Margeson at Rockford. 

A. B. Frost has been appointed branch 
manager at their New Haven, Connecti- 
cut office to succeed E. D. Hill, who re- 
signed due to illness. 

ANNOUNCEMENT has been made of the 
inaugural Fall Meeting of the American 
Society of Heating and Ventilating En- 
gineers to be held in Atlanta, Ga., on 
October 30 and 31, 1939, with the At- 
lanta Chapter of the Society as hosts. 
It is planned to have three technical ses- 
sions, a get-together luncheon, a banquet 
and dance, and a program of special en- 
tertainment for ladies. 


General Committee on Arrangements 
has been appointed consisting of L. 
Kent, General Chairman; C. T. Baker, 
Vice- ‘Chairman ; Cais Templin, Recep- 
tion; S. W. Boyd, Registration and Ses- 
sions; E. W. Klein, Banquet; T. T. 
Tucker, Ladies; A. H: Koch, Sports; 
G. H. Brodnax, Jr., Transportation: 
M. M. Crout, Publicity; and C. B. Cole, 
Finance. 


V. B. Nickerson has joined Jenkins 
Bros. as industrial sales representative 
and will travel out of the Cleveland office 
in the interest of Jenkins Valves and 
Mechanical Rubber Goods. For the past 
26 yr. he has represented Greene-T weed 
& Co., traveling the entire continent. 


Alfred Dewey Webster 


A. D. Wesster, Orrville, Ohio, Mu- 
nicipal Utilities Superintendent since Jan- 
uary 19, 1925, died July 17, 1939 at the 
Wooster City Hosptial following an op- 
eration for internal injuries suffered in 
a fall at the local park swimming pool. 
When the park pool was built five years 
ago, Mr. Webster was one of its leading 
advocates, and there is tragic irony in 
the fact that he is the first fatality to 
occur at the pool. Mr. Webster was born 
at Newark Valley, Tioga County, N. Y., 
and received his degree in electrical 
engineering and principles of mechanical 
and hydraulic engineering at the Univer- 
sity of Syracuse in 1916, earning top 
scholastic honors in his class. Following 
his graduation, Mr. Webster worked for 
5% yr. at the Westinghouse Electric 
Company plant at Pittsburgh; from 1921 
to 1925 was employed by Goodyear Tire 
and Rubber Company of Akron as chief 
engineer in charge of motor and control 
work. 

When A. D. Webster came to Orr- 
ville at the age of 30 to take the helm 
of the Municipal Utilities, the village- 
owned power plant had been operating 
not quite 9 yr. and was still in debt. 
His working, thinking and planning have 
been the major factor in the develop- 
ment of the municipal plant to one of 
the finest in the nation. The Municipal 
Utilities plant, including the sewage sys- 
tem which became an adjunct of the 
department in 1932, had a total valua- 
tion of $1,020,936 at the close of 1938, 
of which the debt-free light plant repre- 
sented $622,965. Although the population 
of the village increased only about 12 
per cent in the past decade, the close 
of 1938 saw 55 per cent more electric 
meters active on municipal lines than 
when Mr. Webster assumed manage- 
ment in 1925. The amount of electricity 
sold has been tripled in the period of 
his superintendency, and the average 
price paid for all electricity per unit has 
dropped to less than half of what it 
was in 1924. He capably managed Orr- 
ville Municipal Utilities’ four depart- 
ments—Electric, Water, Sewer, and Ice. 

Mr. Webster is survived by his widow 
and four children. 


Robert Henry Thurston 
Centennial Celebration 


At ItHaca, N. Y., Cornell University 
will hold a centennial celebration of the 
birth of Dr. R. H. Thurston on Oct. 25, 
with delegates from technical societies 
and engineering colleges. The work of 
Dr. Thurston in the U. S. Navy and as 
a pioneer in engineering education at 
Stevens Institute and Cornell University 
will be summarized by Dr. J. P. Adams 
of Brown University, Admiral Wilson 
Brown of U. S. Naval Academy, Dr. 
H. N. Davis of Stevens Institute, Dr. 
W. F. Durand of Leland Stanford Uni- 
versity and Dean S. C. Hollister of Cor- 
nell University. Dr. Thurston's publica- 
tions and laboratory apparatus that he 
designed will be on exhibition. 
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Experimental Boiler in the 
Dearborn Laboratories 
- “In this miniature high pressure boiler, Dear- 
_ born research engineers can duplicate condi- 
_., tions encountered in large power boilers. Thus, 
by'constantly experimenting with new meth. 


~__ »ods, Dearborn is able to offer the most advanced 
scientific treatment for the prevention of 


~ seale, corrosion, and steam contamination. 





Your turbine 
blading wont foul 
or erode if you 

let me treat your 
boiler water! 
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llluminating Engineers Meet in San Francisco 


R THE FIRST time in the history 
of the organization The Illuminating 
Engineering Society held its national 
convention on the West Coast, August 
21 to 25. The spectacular illumination 
at the Golden Gate Exposition and the 
part played in it by the membership 
of the Society caused this convention 
to be called the society’s “Exposition 
Convention.” A great part of the pro- 
gram centered on the illumination as- 
pects of the Fair. 

The convention permitted the illu- 
minating men to see not only the 
lighting of the Fair but also the long- 
est stretch of sodium vapor highway 
illumination in the world—that across 
the two bay bridges and the Bayshore 
highway. 





Demonstration of Fluorescent lighting at 
1. E. S. Meeting 
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Among the notable figures in the 
lighting world attending the meeting 
were I. E. S. president, D. W. Atwater 
of Westinghouse; Samuel G. Hibben of 
the same company. A. F. Dickerson 
of General Electric who was respon- 
sible for the exterior illumination at 
the Fair; Matthew Luckiech and Frank 
Moss, both also of General Electric. 

Mr. Dickerson’s paper, “Exterior 
Illumination of the Golden Gate Expo- 
sition” explained the technical and en- 
gineering details of the Fair lighting. 
Following his description of the light- 
ing system the members and guests 
met at Treasure Island on Monday 
evening, Aug. 21 for dinner at the 
Yerba Buena Club after which they 
were taken on a personally conducted 
tour by Mr. Dickerson and his asso- 
ciates. 

The electric supply and distribution 
system of the exposition were covered 
by a paper presented by William P. 
Bear of the Pacific Gas & Electric Co. 

The lighting features of the New 
York World’s Fair were presented by 
papers read by R. C. Engelken of 
New York, and Samuel Hibben of the 
Westinghouse Electric & Mfg. Co. at 
Bloomfield, N. J. 

Fluorescent lighting, naturally, was 
an important subject at the convention 
since it was at the Golden Gate Expo- 
sition that this new form of lighting 
was first applied on a large scale. 
European lighting developments were 
discussed by C. A. Atherton of Gen- 
eva, Switzerland and Willard Brown 
of General Electric who recently made 
a trip to Europe to study European 
practice. 

Prof. Parry Moor of Massachu- 
setts Institute of Technology as well 
as members of the faculty of the 
University of California and the op- 
tometrical societies of the San Fran- 
cisco Bay region participated in the 
discussion at the technical session. 

The convention was held in the 
Fairmont Hotel on Nob Hill from 
which the Exposition both day and 


night could be plainly seen by the 
visitors. Scattered about the main 
floor of the Hotel were interesting ex- 
hibits showing the progress and work 
of the Illuminating Engineering So- 
ciety and its Committees. 

In the Tapestry Room there were 
on display some of the prize-winning 
drawings which were entered in the 
1939 I. E. S.-Beaux-Arts Prize Award 
Contest, which was the design of a 
“Hydro Electric Plant”. Many of the 
solutions show a‘ knowledge of the 
newest light sources, and the various 
plans represented are indicative of the 
trends in modern architecture and il- 
lumination design as visualized by the 
architect of the future. 


Fire at Valmont 
By C. P. O'Brien 


Late in the evening of July 26 a coal 
pulverizer explosion killed one man and 
seriously injured another at Valmont sta- 
tion of the Public Service Co. of Colo- 
rado. A third man was badly burned 
while assisting the other two. The force 
of the explosion ripped out the 90 ft. 
high, 60 ft. wide, 18 in. east wall of the 
pulverizer building but caused little dam- 
age to other equipment. The mill house 
was shut down but service was not in- 
terrupted for the plant uses the central 
system and there was sufficient pulver- 
ized coal on hand to run several hours. 

Valmont is located about 4 mi. east 
of Boulder, Colo., and recently completed 
a $2,000,000 construction program. The 
mill which exploded was the sixth and 
newest in the building and had been in 
operation about 18 mo. It had been shut 
down about 15 min. before the accident. 
The operator noticed a rapid rise in 
temperature and discharged a quantity 
of carbon dioxide into the mill before 
the automatic trip set at 185 deg. F. had 
a chance to operate. Total damages were 
around $25,000. John D. Elftman, plant 
superintendent, said spontaneous combus- 
tion caused the explosion. 
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Roger W. Andrews 


Rocer W. ANpbreEws has been ap- 
pointed General Sales Manager of the 
Riley Stoker Corp., Worcester, Mass. Mr. 
Andrews has had extensive experience 
in the steam power field. In 1910 he 
joined the Northern Equipment Co. and 
later became secretary and general sales 
manager of the this company. In 1914, 
he formed R. W. Andrews Co. of Chi- 





Roger W. Andrews 


cago, handling the sale of power plant 
equipment in the Chicago territory. 

year later, he organized the Andrews- 
Bradshaw Co., which developed in con- 
nection with Tracy Engineering Co., cer- 
tain specialized boiler room equipment. 
In 1928 this company merged with the 
Blaw-Knox Co. and Mr. Andrews became 
assistant to the president of Blaw-Knox 
Co. Since August, 1934, Mr. Andrews 
has been in charge of the Western Divi- 
sion of Combustion Engineering Co. 


Proposed Wyoming Power 
Development to Cost 


$ 100,000,000 


Tue GreeN River BAsiIn DEVELoP- 
MENT Co., Perry W. Jenkins, Cora (Sub- 
lette County), Wyo., executive manager, 
recently organized, has made application 
to the State for water rights covering 
about 4,085,800 acres in the Southwestern 
part of Wyoming in the Green River 
area, for a proposed hydroelectric power 
and irrigation project. The application 
has been filed under a law passed at re- 
cent session of the State Legislature, pro- 
viding for the development of the basin 
through the construction of dams, reser- 
voirs, canals and ditches, to form a sys- 
tem which will include all irrigable lands 
on the Western slope draining into the 
Green River. Project is being designed 
to develop extensive hydroelectric power 
through construction of main power dam 
on site selected, with transmission and 
distributing lines, power substations, 
switching stations and other operating 
structures. The entire program will com- 
prise a series of unit developments, with 
ultimate cost estimated at $100,000,000. 
This cost will be financed through revenue 
to be secured through the sale of hydro- 
electric power, as provided under the 
Federal Boulder Dam Act. 
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Delaware Hydroelectric 
Power Project Opposed 


At A hearing held by the United 
States Army Engineers at Philadelphia, 
Pa., July 12, to secure testimony regard- 
ing proposed hydroelectric power develop- 
ment on the Delaware River for use of 
the Committee on Rivers and Harbors of 
the House of Representatives, Washing- 
ton, D. C., a large number of protests 
were entered against the proposition, in- 
cluding those from municipal govern- 
ments, utility companies, anthracite coal 
interests, railroads, business concerns and 
private individuals. Only two expressions 
of approval were registered, these being 
from the Chamber of Commerce, Bush- 
kill Falls, Pa., and H. A. Spalinski, who 
stated he was president of the Electric 
Power Co. of New Jersey, Trenton. 


The proposed development would in- 
clude the construction of three power 
dams at Tock’s Island, near the Dela- 
ware Water Gap, Pa.; at Belvidere, N. J.; 
and in vicinity of the bridge over the 
Delaware River, between Easton, Pa., 
and Phillipsburg, N. J. The estimated 
cost of the dams and hydroelectric gen- 
erating stations approximates $30,000,000, 





of which $21,000,000 would be expended 
on the first noted, or Tock’s Island de- 
velopment. The hearing was preliminary 
to the appropriation of any funds by 
Congress for the project. 


Mr. James E. Specht 
Appointed Orrville Munici- 
pal Utilities Superintendent 


James E. Specut, of Orrville, Ohio, 
was named as superintendent of the Orr- 
ville Municipal Utilities at a meeting of 


the Boafd of Public Affairs July 24, 


1939, to succeed the late A. D. Webster. 

Mr. Specht was born at Anoka, Minn., 
Dec. 26, 1907, graduating from High 
School in June, 1925, first in his class. 
In 1929 he graduated from the Univer- 
sity of Minnesota, College of Electrical 
Engineering. Before coming to Orrville 
Mr. Specht was connected with the West- 
inghouse Electric and Manufacturing 
Company. 

Since 1931 the Orrville Municipal 
Utilities’ superintendent was employed 
by the Hagan Corporation, working on 
electrical devices for controlling boilers 
and furnaces. 


For the Engineer's Library 





Recent bulletins and catalogs on power plant equi 
ment listed for your convenience in securing enti 
information. Power Plant Engineering will be glad to 
procure for you any free literature that you desire. 





Refractories and Cements 


Boiler Refractories is the title of a 
new book which contains valuable data 
on processes, application, use and con- 
struction. It has thirty-two illustrations, 
is printed in color, and covers the 
entire field of Boiler Refractory service. 
The General Refractories Co. 


Refractory—Bulletin 102 entitled 
Cements and Plastics gives a complete 
story of Narco Bonding Materials, giv- 
ing principal and general characteristics 
of each particular brand. North Ameri- 
can Refractories Co. 


Smooth-On Handbook, 1939 Edi- 
tion. The information in this booklet 
represents 40-year experience in im- 
proving repair and construction prac- 
tice—contributed by practical men all 
over the world, and compiled, put into 
simple language and illustrated with 
170 diagrams to show others how to do 
important work. Smooth-On Mfg. Co. 


Coal and Ash Handling 
Equipment 


Hydrojet Ash Handling Systems 
are illustrated and described in a new 
36-page catalog No. 639B recently is- 
sued by Allen-Sherman-Hoff Co. 

Coal—A new 40-page catalog gives 
a complete treatise of Richardson Coal 
Handling Equipment. The Catalog il- 
lustrates and describes the various 


equipment giving operation and spe- 
cifications. Richardson Scale Co. 


Pumps and Compressors 


Compressors—A new line of indus- 
trial compressors and vacuum pumps 
in sizes of from 3% through 5 hp. is 
announced in an illustrated catalog, 
form 7502-J, covering the complete 
line of Ingersoll-Rand Type 30 Com- 
pressors. The catalog contains both 
installatidn and shop views of the ma- 
chines, together with complete operat- 
ing and physical characteristics of each. 
Ingersoll-Rand Co. 

General Service Motorpump—A 
new illustrated. broadside, Form 1917, 
showing construction details of the 
Ingersoll-Rand Motorpump has just 
been published by the Ingersoll-Rand 
Company. 


Belts and Pulleys 
Rockwood Pulleys—Booklet No. 860, 


covering all types of Rockwood Paper 
Pulleys for industrial use is particu- 
larly useful to everyone interested in 
plant equipment and its maintenance, 
since it contains a complete list of 
stock sizes of pulleys which are always 
en eer Rockwood Mfg. 
oO. 

Power Transmission—Bulletin 75 is 

a compact edition of power transmis- 
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TWO GLASSES 
THAT ARE TOPS 


Tragedy does not always result from the breaking of ordinary 
gauge glasses. Yet there is always a chance that a scalding blast 
of steam and flying fragments of glass will destroy some man’s 

Fit all 


eyesight or mutilate his face. 
Keep this danger away from the doors of your plant. 
boiler water columns with SONDERGLASS—the .glass which 
hundreds of engineers regard as “tops” for safety and economy. 


SONDERGLASS is extra strong and durable because it is formed 
of two layers of glass made of semi-metallic substances with dif- 


ferent degrees of expansion, thus producing what is virtually a 
double strength tube. The inside of the tube expands in propor- 


tion to the temperature of the steam or water, while the outside 
resists the shattering effect of sudden cold drafts. 


In repeated tests SONDERGLASS has been dipped in hot oil, 
450 deg. F., then plunged into cold water without breaking. It has 
carried up to 1000 lbs. steam pressure without bursting. Also 


resists clouding and discoloration. 
SONDERGLASS comes in the two popular types illustrated: 
(1) CLEAR SONDERGLASS for use where the water column 
is well lighted; (2) REFLECTING SONDERGLASS with backs 
of red and white enamel which show better in dark places and 
make the waterline stand out like a bull’s-eye. There is a 
SONDERGLASS distributor near you. He is interested in 
giving you “tops” in boiler room protection. 


A.W. CHESTERTON CO., 64 India Street, Boston, Mass. 


CHICAGO, SEPTEMBER, 1939 





sion data. Design data specification 
tables and capacity curves on the 
Morse round pin roller chain are in- 
cluded in the bulletin. Morse Chain 
Co. 


V-Belt Data Book—This book is di- 
vided into two parts. The first part 
covers standard drives eliminating the 
necessity of working out calculations, 
and the second, sheave factors for de- 
signing new or special drives. It also 
contains belt comparison tables and 
other general information. The Man- 
hattan Rubber Mfg. Division of Ray- 
bestos-Manhattan, Inc. 


Diesel Engines 


Diesel Engines—Specifications, me- 
chanical features and application of 
the “Caterpillar” Diesel D6 Tractor are 
discussed in a 32 pp. booklet, Form 
5403, just published by the Caterpillar 
Tractor Co. 


Diesel Specialties—Catalog No. 5, 
52 pp., covering silencers, alarms, con- 
trols, instruments, gages, filters, oil re- 
claimers and other Diesel plant acces- 
sories handled by the Diesel Plant Spe- 
cialties Co. 


Electrical Equipment 


Generator Set — Bulletin No. 963 
gives complete information about Buda- 
Lanova Diesel Generator Sets. These 
new standard sets are built in a wide 
size range from 5 kw. to 75 kw. both 
a.c. and d.c. The Buda Company. 


Electrical Equipment—Catalog 395 
illustrates and describes Bull Dog elec- 
tric products,including Safety switches, 
service equipment, switch boards, light 
and power panel boards and bus dis- 
tribution systems. Prices, specifica- 


HELPFUL BULLETINS 


To secure this information all you need to do is write on the 
coupon below the number of the page on which the item is published, 
the name of the company offering the literature, and the bulletin 
number, catalog number, title, or other brief description so we will 


know exactly what you want. 


Fill in this coupon with pencil—detach and mail 


tions and dimensions are included in 
the catalog. Bull Dog Electric Prod- 
ucts Co. 


Electrical Equipment—Six new bul- 
letins recently issued cover various 
types of electrical equipment. Portfolio 
of Unusual Power Transformers is the 
title of Bulletin B 6000. Leaflet B6007 
treats small auto transformers. Signal 
transformers in sizes from 500 to 50 v. 
amp. are described in Leaflet B6008. A 
new 12-page Bulletin, B6012, describ- 
ing the latest complete line of vertical- 
lift metal clad switch-gear, covers the 
advantages, construction details and 
uses applying to this latest trend in 
highly developed switchgear. An en- 
larged and revised issue of the Indoor 
Cubicle Type Switchgear bulletin B6011 
contains many new installation views, 
dimension sheets and wiring diagrams, 
as well as application and construction 
data. Bulletin B6010 gives list prices, 
dimensions and applications of a.c. and 
d.c. motors, as well as typical electrical 
and mechanical variations for special 
purposes. Allis-Chalmers Mfg. Co. 


Fans and Blowers 


Fans. Bulletin 447, 4 pp. showing 
design and construction of steel plate 
induced draft fans. Bulletin 446, 28 pp. 
is a detailed treatment of vane control 
for mechanical draft fans with charac- 
teristic curves, construction details and 
installation views. B. F. Sturtevant Co. 


Motorized Blower Unit for applica- 
tion to high pressures at low speed, is 
fully described in Bulletin No. CO-3 
recently issued by the L. J. Wing Mfg. 
Co. 


Fans—Vane control for mechanical 
draft fans is described in a 28-page illus- 
trated catalog No. 446, including a dis- 
cussion of the principle of vane con- 
trol, comparison of vane control with 
variable speed and damper control, 
characteristic curves, application dia- 
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grams and installation photographs. 

Steel Plate Mechanical Draft Fans are 

illustrated and described in a new 4- 

— bulletin No. 447. B. F. Sturtevant 
O. 


Meters and Instruments 


Tachometers—Bulletin No. 720 on 
the Standco Hand Tachometers of the 
governor type shows a number of new 
ranges which were recently added to 
better serve the customers’ require- 
ments. This bulletin shows a very 
complete line of hand tachometers with 
single, three and four ranges, covering 
practically any commercial require- 
ments, from 30 to 40,000 r.p.m., and 
will be of interest to anyone in charge 
of maintenance or production. Her- 
man H. Sticht & Co. 


TAG Celectray Pyrometers and Re- 
sistance Thermometers are described in 
a new 34-page Catalog No. 1101 E. In- 
cluded are seven new indicating record- 
ing or controlling instruments recently 
developed. C. J. Tagliabue Mfg. Co., 
Park and Nostrand Avenues, Brook- 
lyn, N 


Instruments—Brown Boiler Room 
Instruments are completely illustrated 
and described in a new 16-page bulle- 
tin which points out possibilities in 
fuel savine and the few instruments 
needed to produce results. Brown In- 
strument Co. A Division of Minne- 
apolis-Honeywell Regulator’ Co. 


Valves and Piping 


The Inside Story of Jenkins 125 lb. 
Iron Valves is the title of a 24-page 
photographic study, Form 183, of all 
iron valve types, analyzing the factors 
of valve life and maintenance. The 
booklet concludes with a handy refer- 
ence chart giving types, sizes and fig- 
= numbers for ordering. Jenkins 

ros. 


Piping—Two new bulletins illus- 
trate and describe the Beaver Model A, 
portable pipe and bolt machine. The 
Beaver Model C, a compact power unit 
which converts hand tools into a port- 
able electric pipe and bolt machine is 
treated in another bulletin. Beaver 
Pipe Tools, Inc. 


Water Pipe Sizes—A revised 52- 
page booklet under this title gives con- 
cise information and numerous tables, 
invaluable for making piping layouts 
and estimates. In addition to rules and 
tables for determining pipe sizes, water 
supply formulas and numerous tables 
showing the flow of water in copper 
water tube, considerable space is devoted 
to technical information on the various 
brass pipe alloys and copper water tub- 
ing and their applications. Bridgeport 
Brass Co. 


Expansion Joint—A revised, 12 
nage illustrated, descriptive Bulletin 
No. 35-15A has been issued on the 
ADSCO Piston-Ring Expansion Joint 
which can be completely unpacked and 
repacked ynder full operating pressure 
without shutting off steam or inter- 
tupting service. American District 
Steam Co. 
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ECAUSE there are so many factors entering 
into the correct and efficient fabrication of 
any piping system, it is highly essential that the 
work be done by a qualified company experi- 
enced in all phases of piping work. 

The engineering department should be well 
versed in the practical as well as theoretical 
phases of piping in order to detail and layout 
the fabricated assemblies as efficiently and eco- 
nomically as possible. In the shop there must 
not only be equipment for precision bending, 
welding and machining, but also skilled me- 
chanics who know how to fabricate and heat 
treat the many different metals used in today’s 
piping systems. Field erection and stress reliev- 
ing on the job, though greatly simplified by shop 


A good start for ANY piping system 





ITTSBURGH PIPING 


pre-fabrication, is a highly complex affair that 
requires men especially trained in this type of 
work. Maintaining the construction program, 
working without interfering with other subcon- 
tractors or station operating schedules is an 
important detail that calls for competent super- 
vision of the field crews. 

With a background of nearly 40 years’ ex- 
perience, Pittsburgh Piping KNOWS all these 
phases of modern piping practice. Whether 
you are contemplating an extension to your 
present system or the construction of a new 
plant, you can be certain that Pittsburgh Piping 
& Equipment Company can fabricate and erect 
it correctly and economically. Your nearest 
Pittsburgh Piping representative is listed below. 


PITTSBURGH PIPING & EQUIPMENT CO., 10 FORTY-THIRD ST., PITTSBURGH, PA. 


Woolworth Bldg. 
New York 


Occidental Bldg. Peoples Gas Bldg. 
Indianapolis Chicago Detroit 





(Kttsburgh 


General Motors Bidg. 






Public Sq. Bldg. 10 High St. 
Cleveland Boston 


1st. Nat'l. Bank Bidg. 
Charlotte 


525 Market St. 
San Francisco 
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Threading Tools and Machines — 
Catalog No. 39-A, printed in three col- 
ors, presents Oster-Williams Threading 
Tools and Machines in an effective man- 
ner and contains time studies, threading 
speeds, specifications and other infor- 
mation of value to the mechanical man. 
It contains only essential information 
so that it is not necessary to search 
through pages of type to find the facts. 
Extra large illustrations make it possi- 
ble to study every detail of each unit. 
The Oster Mfg. Co. 


Master Weight Tables—Technical 
Bulletin 15 entitled Master Weight Ta- 
bles for Round Seamless Steel Tubing 
gives weights per foot for minimum 
wall and average wall tubes, hot-fin- 
ished and cold-drawn, ranging in size 
from ys in. O. D. with 36 B. W. G. wall 
to 1034 in. O. D. and 1% in. wall thick- 
ness inclusive. The Babcock & Wilcox 
Tube Co. 


Cleaning 


_ Cleaner—A new pocket size folder 
gives facts about Annite Red Label, the 
all purpose cleaner. Quigley Co. 


Dust the Destroyer is the title of a 
new book designed to inform users of 
Motor Control about the advantages ot 
Cutler-Hammer vertical contacts. Cut- 
ler-Hammer, Inc. 


Dust Collector—Principle of opera- 
tion and application of the Thermix 
tubular dust collectors, a special appli- 
cation of the Thermix Multicyclone, is 
described in a 4-page catalog, No. 7, 
. _ Prat-Daniel Corp., Port Chester, 


Miscellaneous 


Tremendous Trifles is the title of a 
new booklet which emphasizes the im- 
portance of small items of equipment, 
such as springs, bolts, electrical contact 
points and the like in making the wheels 
of industry run smoothly. Sixteen pages 
in size, with illustrations and charts, 
it presents technical and mechanical 
data on nickel, Monel, Inconel, “Z’’ 
Nickel, “K” Monel, and other high 
nickel alloys as used for such parts un- 
der service conditions where ordinary 
materials might fail. The International 
Nickel Co. 


Bearings—A new bulletin entitled 
The World of Tomorrow Rolls On 
Timken Roller Bearings Today shows 
how and where Timken roller bearings 
are used at the New York World’s 
Fair. Timken Roller Bearing Co. 


Metallo Gaskets are illustrated and 
described in a new 16-page catalog giv- 
ing dimensions and list prices. Metallo 
Gasket Co. 


Analysis of Summer Weather Data 
in the United States—Bulletin 802 pre- 
sents the first chapter of a book written 
by J. C. Albright which is the first and 
only complete and practical source of 
data on Weather. The Marley Co. 

Drainers—Cochrane drainers of the 
external cage type, for continuously re- 
moving large quantities of condensate 
under high pressures, are illustrated 
and described in publication 2930. Coch- 
rane Corp. 


Research—Treatment of coal and oil 
and other petroleum products, quanti- 
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ties needed per ton, the proper oil to 
use with different coals and details of 
a 24% yr. research program at Battelle 
Memorial Institute, and reported by 
J. M. Pilcher and Ralph A. Sherman, 
has recently been published as Tech- 
nical Report No. VI by the Bituminous 
Coal Research, Inc., 807 Southern 
Building, Washington, D. C. Copies of 
this 36 pp. bulletin may be obtained 
free of charge from the above organiza- 
tion or from The Standard Oil Co. of 
N. J., 26 Broadway, New York City; 
the Sun Oil Co., Philadelphia, Pa., or 
the Viking Manufacturing Company, 
Jackson, Mich. 

Metals—'l'ypical Nickel Alloy Steels 
and Cast Irons employed in Diesel en- 
gine construction are given in a new 
bulletin. Nickel Alloy Cast Iron in 
gas manufacturing equipment is the 





title of a bulletin in which a revised arti- 
cle by J. S. Vanick is presented. The 
Internation! Nickel Co., Inc. 


Super-Centrifuges—A general term 
applied to a certain group of Sharples 
Centrifugals is the topic of discussion 
of Bulletin 1225. Reproduction of blue 
prints explain the mechanical features 
of design and detai.s of the varied types 
of motive power that may be used. A 
brief cataloging of the leading types of 
Super-Centrifuges completes this 20- 
page bulletin. ‘ihe Sharples Corp. 


Ship Building—A full description of 
vessels dnd their equipment is given in 
an article entitled ““Renaissance of Pa- 
cific Coast Shipbuilding,” which has 
been reprinted and is being distributed 
by the De Laval Steam Turbine Co. 


New Engineering Books 


Power Factor Economics. By Price 
L. Rogers. First Edition. 143 pages, 
30 illustrations, 6 by 9 cloth. John Wiley 
and Sons, Inc., 440—4th Ave., New 
York, N. Y. 1939. Price $2.50. 


Power factor is dealt with in this 
book as it applies to industrial plants 
and distribution systems of public utili- 
ties. Its purpose is to answer the ques- 
tions which arise when power factor 
is considered and to provide simple, ac- 
curate means of solving power factor 
problems. In other words, it is a very 
practical book useful to the man who 
has to deal with power factor problems 
in a practical way. : 

The effects of power factor on utility 
distribution systems and in the indus- 
trial field have been receiving an ever- 
increasing amount. of attention, and it 
is here that the demand for accurate 
information exists. The technical edu- 
cation of the interested individuals 
varies from none to that attested by 
university degrees. The author’s aim 
in this book therefore, has been to 
supply the information in a form simple 
enough to appeal to the first group 
and yet not too elementary for the 
second. 

An idea of the book’s scope may be 
gained from the chapter headings which 
are, as follows: Power Factor. Motors. 
Transformers. Capacitors. Problems 
and their Solution. Industrial Power- 
Factor Studies. Conductor Losses. 
Utilities’ Distribution Systems. Index. 


Tool Making. By C. B. Cole, Pub- 
lished by the American Technical Soci- 
ety, Drexel Ave. at 58th St., Chicago. 
Size 5% by 8% in., 413 pp., cloth bound. 
Price $3.50. 

Although the power plant engineer 
cannot be classed as a toolmaker, his 
many duties often require him to have 
an intimate knowledge of machine tools, 
heat treating process and production 
methods either directly or indirectly 
through his contact with industrial de- 
partments. Mr. Cole is, among other 
things, president of the Tool Equipment 
Sales Co. of Chicago and this book is 
well adapted not only to the needs and 
requirements of the toolmaker but to 
that of the general engineer as well. It 
is one of this company’s well known 
“how-to-do-it” series and the young 
engineer especially will be interested in 
such practical phases as: how to read 


a micrometer, a dial indicator, etc.; how 
to use a Rockell Hardness Tester, an 
electric etcher, Vernier calipers, Johans- 
son gage blocks, etc.; how to grind 
tools, dress a grinding wheel, do polish- 
ing and lapping, etc. For the exper- 
enced toolmaker the sections on produc- 
tion tools are especially valuable. Draw- 
ings and illustrations are presented as 
working drawings and the tools which 
they represent may be made from these 
drawings. 


Utility Chart, 1939. Published by 
Robert A. Burrows, First Nationa: 
Bank Bldg., Pittsburgh, Pa. Size 34 
by 28 in. Price: one color, $2.00 per 
copy; colored, $3.00 per copy (25 cts. 
extra for mailing unfolded. Quantity 
prices for 10 or more copies). 

This a most unique chart which in 
ten years has grown from a hobby 
into a reference work invaluable to all 
interested in any phase of the public 
utility industry. -It shows at a glance 
the interrelation, capitalization, service 
areas, etc., of 45 of the principal utility 
systems, including electric light and 
power, gas, transportation, water, com- 
munication, investment, etc. New data 
on the 1939 chart includes Service Area 
Maps, competitive government power 
districts, flow of 1938 dividend, inter- 
change contracts for power and gas, 
gross revenues and funded debt. 


Look and Listen. The Television 
Handbook. By M. B. Sleeper. First 
edition. 614x9 in. spiral wire binding. 
The Norman W. Henley Publishing 
Co., 2 West 45th St., New York, N. Y. 
1939. Price $1.00. Cloth binding, $1.50. 

With the advent of television service 
in New York city early this year, the 
subject of television is becoming ef in- 
creasing importance to the general 
public. This little book is a practical 
consideration of the subject written in 
understandable language and in addi- 
tion presents detailed instructions for 
building a television receiver. It is well 
illustrated with photographs and dia- 
grams and includes a set of large scale 
wiring diagrams which are remarkably 
easy to follow. For anyone interested 
in building a television receiver, this is 
an excellent little book. M. B. Sleeper, 
the author, is the founder and editor of 
Radio Engineering Magazine and has 
been actively identified with the radio 
industry since 1916. 
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Becomes 
the G-E Standard /ox 


Varnished-cambric Cable 


Neu SauingA, Longer Life— 


Na Jucrease in Price 


HE new G-E heat-resisting var- 
I nished cambric, No. 1799, has now 
become the G-E standard—thus mak- 
ing available a special product at no 
extra cost. 


The obvious superiority of No. 1799 
led to this decision. Its superiority 
lies in the combination of heat resist- 
ance plus high dielectric strength and 
low dielectric (power-factor) losses. 
See curve for example; other values are 


given in Bulletin GEA-32]5. 

Lower Cost 
Cable insulated with No. 1799 can be 
run at a conductor temperature of 
approximately 10 C higher than cable 
insulated with No. 995 varnished cam- 
bric, our previous standard. 


This means new savings, by making 
it possible to reduce conductor size 
and thus copper—particularly on low- 
voltage lines—with corresponding re- 
ductions in first cost, over-all diameter, 


shipping weight, duct space, and other 
respects. 

But this is not all. In addition, a new 
process of cable manufacture has greatly 
improved the dielectric power-factor 
of our varnished-cambric cable and has 
added years to its life. 
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DIELECTRIC POWER-FACTOR OF SINGLE-CONDUCTOR 
VARNISHED-CAMBRIC-INSULATED CABLE 


These performance values are the average of 
many tests—not guarantees. They meet !.P.C.E.A. 
specifications with a wide margin of safety 
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A Good Product Made Better 
No. 1799 supersedes No. 995 varnished 
cambric, our standard for many years. 
Cable insulated with it has a fine per- 
formance record. Fortunately, there- 
fore, our engineers did not have to 
throw No. 995 into the discard. They 
retained the same special G-E cloth, 
“unsized” to assure thorough impreg- 
nation. They kept the asphalt base, but 
with it obtained a superior varnish. 
They made other detailed improve- 
ments. And the resultant insulation, 
No. 1799, is the new standard for G-E 
varnished-cambric cable—at no increase 
in price. 


Bulletin GEA-3215 gives details. For 


a copy and a sample of No. 1799, 
address the nearest 
G-E sales office, or 
General Electric, MUS UU abit; 
Dept.6 -201, GE 
Schenectady, N. Y. wo 
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Public Personnel Problems. By 
Lewis Meriam. Published by The 
Brookings Institution, Washington, 
D. C. Size 5 by 8 in., 440 pp., cloth 
bound. Price $3.00. 

As an operating officer immediately 
responsible for getting a certain spe- 
cific task done or for rendering a specific 
governmental service, the author has 
successfully endeavored to treat the 
subject from his viewpoint. The book 
presents the public personnel admin- 
istration as a whole and deals with the 
subject as simply and as realistically as 
possible, making free use of illustrative 
cases. 

Viewing the subject as a whole, the 
author has divided the subject into 
three main branches: (1) operating per- 
sonnel administration; (2) control per- 
sonnel administration; (3) developmen- 
tal personnel administration. Each 
division is defined and treated so as to 
show the reader just who is repre- 
sented in each class. The United 
States Civil Service Commission is 
discussed in detail showing how em- 
ployes are selected and by whom, and 
the procedure which is followed after 
selection. 

Although the book was primarily in- 
tended for executives of the govern- 
ment, it should prove helpful to the 
executive in private industry. 


Industry Standards and Engineering 
Information. Published by the A. B. 
M. A. Fair Practice Committee, Boiler 
Manufacturing Industry, 15 Park Row, 
New York, N. Y. Size 8% by 11 in., 
‘i gner, loose-leaf, paper cover. Price 


This is in effect a manual of the 
boiler and affiliated industries prepared 
primarily for the information of those 
writing specifications for steam gen- 
erating equipment so that misunder- 
standing will be prevented. Contracts 
should define clearly the equipment to 
be furnished, the work to be done, con- 
ditions on which statements of per- 
formance are made and supplementary 
clauses covering general conditions and 
the purchaser should receive all needed 
information on which to base his selec- 
tion of the equipment. Experience with 
the Standard Performance Form has 
proven that the data supplied is suf- 
ficient not only for equipment selection 
but also to give an accurate measure of 
performance. The manual contains 
general contract conditions, perform- 
ance forms for various types of equip- 
ment, statement relative to mechanical 
draft fan equipment, grindability values 
for various coals. 


Summer Cooling in the Warm-Air 
Heating Research Residence With Cold 
Water. By Alonzo P. Kratz, Seichi 
Konzo, Maurice K. Fahnestock and 
Edwin L. Broderick. Issued by the 
Engineering Experiment Station, Uni- 
versity of Illinois, Urbana, III., as Bul- 
letin 305. Size 6 by 9 in., 89 pp., paper 
bound. Price $0.90 (limited number 
of copies available for free distribu- 
tion). 

During the seasons of 1932-1936 a 
study was made of the possibility of 
cooling a residence in summer by vari- 
ous means. The work done and the re- 
sults obtained during the summers of 
1932, 1933 and 1934, using ice and 
mechanical refrigeration, have been re- 
norted in Bulletin 290. Bulletin No. 
305 covers the work done during the 
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seasons of 1935 and 1936 to determine 
to what extent water from the city 
mains, available at temperatures of 
from 58 to 60 deg. F. (and also cooled 
to 52 deg. F. and 46 deg. F.) could be 
used to produce satisfactory cooling 
and dehumidification. A study was 
also made of the performance of differ- 
ent types of registers used in connec- 
tion with summer cooling work. 


Patent Tactics & Law. By Roger 
Sherman Hoar. Pubished by The Ro- 
land Press Co., New York, N. Y. Size 
5% by 8% in.; 288 pp., cloth bound. 
Price $4.50. 

Mr. Hoar, formerly assistant attor- 
ney general of Massachusetts and now 
commercial attorney of Bucyrus-Erie, 
is also an engineer, mathematician and 
inventor. From this broad background, 
he differs with the common opinion of 
business executives and lawyers that 
patent tactics should be left strictly up 
to the attorney. With this in mind he 
has completely revised his earlier book 
Patents and added to the translation of 
patent law a treatise on patent tactics. 
He does not try to make the executive 
an attorney but proceeds on the basis 
that the executive should be able to 
understand the company’s attorney so 
as to be able to cooperate fully with 
him. 

He outlines a clear-cut policy for 
protection against loss of patents and 
against maneuvering by competitors; 
the means to a thorough understanding 
of proper legal procedure to follow in 
Situations involving patent rights; 
shows how to organize a patent depart- 
ment and protect patents here and 
abroad; gives a comprehensive explana- 
tion of the business aspects involved in 
the evaluation of patents and patent 
licenses; how to carry these values on 
the books and how fo account for them 
for tax purposes. 

The book is not abstract theory but 
the outgrowth of many years of experi- 
ence as a patent attorney dealing with 
executives and engineers and first ap- 
peared in mimeographed form for use 
in the company. The first edition repre- 
sented a slight amplification of these 
mimeographed notes but the present 
edition is a complete revision made in 
the light of 12 yr. experience. The pres- 
ent text is well supported by illustrative 
examples, which combined with Mr. 
Hoar’s fluid style, make the book enter- 
taining reading, quite aside from its 
value in connection with patents and 
patent law. 


Summer Weather Data, compiled 
and edited by J. C. Albright. Published 
by The Marley Co., Kansas City, Kan., 
180 pages, 8% by 11 in. Price $3.00. 
First edition, 1939. 

Designers of heat exchange systems 
will find in this book a vast amount of 
data on weather factors that will be 
helpful in selecting the most economical 
combination of equipment for any lo- 
cality in the United States. It is replete 
with weather maps and statistical data 
compiled from every locality in the 
country including wet bulb, dry bulb 
and dew point temperatures, atmos- 
pheric pressures, humidity, precipita- 
tion, wind direction and velocity, lati- 
tudes and elevations of locations, and 
sunshine data. The book also contains 
information on how the statistical data 
may be used in the design of air con- 
ditioning equipment. 





Power. By Bertrand Russell. First 


edition. 315 pages size 6 by 9, cloth. 
Published by W. W. Norton and Co., 
New York, N. Y. 1938. Price, $3.00. 

In presenting a review of this new 
book by Bertrand Russell it is not our 
intention to mislead readers of this 
magazine into believing that it deals 
with the kind of power they are most 
familiar with. At the outset we tell 
you, frankly, that this book does not 
deal with the physical power of matter 
in any of its forms, mechanical, elec- 
trical, thermal, etc., but rather with 
social power, the power of men over 
men. 

Here, as in all things, however, the 
lines of demarcation are indefinite. As 
the author shows, it is possible to es- 
tablish a technicological power over 
men which is based on power over 
matter. “Those” he says, “who have 
the habit of controlling powerful 
mechanisms, and through this control 
have acquired power over human be- 
ings, may be expected to have an 
imaginative outlook towards their sub- 
jects which will be completely different 
from that of men who depend upon 
persuasion, however, dishonest.” Mech- 
anical power tends to generate a new 
mentality which makes it more impor- 
tant than in any former age to find 
ways of controlling governments. 

While this book should be of interest 
to every intelligent person whatever 
his walk of life or his calling because of 
this interrelationship between social 
power and technicological power it 
should be of particular interest to engi- 
neers concerned with the latter class 
of power. Technical. considerations, 
broadly speaking, have led to an in- 
crease in the optimum size of organiza- 
tion suitable for dealing with a given 
matter, and with this increasing size 
and complexity of ‘our organizations— 
our society in general, it is unquestioned 
that this state should act for the great- 
est good of the greatest number. But, 
as Mr. Russell points out in this book, 
unless individual liberties are somehow 
safeguarded, a new tyranny may be 
established more drastic and terrible 
than any previously known. 

Characteristically enough, Bertrand 
Russell approaches this question with 
the same meticulous care that he did 
in his great work which established 
the fundamental relation between 
mathematics and logic. He shows that 
power is the fundamental concept in 
social science just as energy is the fun- 
damental concept in physics. Power, 
like energy, he maintains, must be 
regarded as continually passing from 
any one of its forms into any other, 
and in this book he seeks to find the 
laws of such transformations. Through- 
out the book are those extraordinary 
flashes of wit, that incisive cutting 
through conventional humbug to fear- 
less statement of what is really hap- 
pening which makes Bertrand Russell 
probably the greatest living master of 
English expository prose. 


The Microscope in Elementary Cast 
Iron Metallurgy. By Roy M. Allen. 
Published by the American Foundry- 
men’s Association, 222 W. Adams St., 
Chicago, Ill. Size 6 by 9 in., 160 pages, 
waterproof cloth binding. Price $3.00. 

This is an enlargement of the mate- 
rial presented at a series of lectures 
at the 1939 Convention of the A. F. A. 
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WELDERS 
LOOK ALIKE 


Unfortunately, you can’t judge the ability of a 
welder by his appearance ... or the quality of a 
weld by its appearance. This is one important 
reason why pressure piping can best be secured 
from a qualified pipe fabricator. 

The qualified fabricator employs skilled pres- 
sure welders who work under the most favorable 
conditions. They are closely supervised to make 
certain they exactly adhere to predetermined 
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welding procedures that have been proved correct 


for the particular jobs. The production of these 
welders is checked at frequent intervals by destruc- 


tion tests to make sure the high standard is being 
maintained; this welding can be insured. 

The qualified pipe fabricator delivers the piping 
to the job as a series of carefully prepared, shop 
tested sub-assemblies, that are readily and eco- 
nomically installed. 
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and covers the value of the microscope 
to the foundryman and the fundamen- 
tals of physical cast iron metallurgy. 
The microscope and the technique of 
its use in focussing, taking micropho- 
tographs, photographic processes, pho- 
tographic papers, etching reagents, etc., 
are discussed in detail. Not only 
is the procedure for securing, grind- 
ing, polishing, etching, observing 
and photographing samples explained, 
but of what is seen in the microscope 
and in the microphotograph is fully 
interpreted. 


Alloy Cast Irons. Published by the 
American Foundrymen’s Association, 
222 W. Adams St., Chicago, Ill. Size 
6 by 9 in., 270 pages. Flexible fabri- 
coid binding. Prices $3.00. 

This book, a project of the Gray 
Iron Division of the A. F. A., covers 
the effect of 18 different elements on 
the various properties of gray, white 
and chilled cast irons. It discusses the 
forms in which alloying elements are 
commercially available, general foun- 
dry practice used in the production of 
the irons, and covers the composition, 
mechanical properties, uses and serv- 
ice data on many types of alloy cast 
irons commercially available. 


Air-Conditioning Engineers’ Atlas 
by Clifford Strock and C. H. B. Hotch- 
kiss. Published by The Industrial 
Press, 148 Lafayette St., New York, 
N. Y. 76 pP., including 18 colored 
maps; size 9x12 in. Price $2.00. 

This is a new type of book present- 
ing in condensed and usable form 
climatic data needed for the solution 
of heating and cooling problems. The 
Atlas consists of 18 sections, each con- 
taining a colored map of the United 
States, accompanied by pertinent, data 
in tabular form; of these 18 sections 
nine deal with winter weather condi- 
tions and nine with summer weather 
conditions. 

For the heating and air condition- 
ing application engineer the Atlas fur- 
nishes extreme weather data required 
in calculating plant capacity. For the 
operating engineers it provides average 
climatic data for predicting operating 
quantities and obtaining good operating 
results. It is also useful in determin- 
ing the potential markets for heating 
and air conditioning equipments and 
fuels, so far as climate is concerned. 

The maps in the Atlas cover 18 full 
pages, are printed in three colors and 
black, are unusually legible, and en- 
able the determination of the desired 
figure for all parts of the United States. 


Heating, Ventilating and Air Con- 
ditioning Guide 1939. Published by the 
American Society of Heating & Ven- 
tilating Engineers, 51 Madison Ave., 
New York, N. Y. Size 6 by 9 in., 856 
pages plus 416 pages catalog section 
and membership list, flexible fabricoid 
binding. Price $5.00. De Luxe Edition 
containing thumb index, $5.50. 

This is the 17th edition of the offi- 
cial reference book compiled by the 
society and published for engineers, 
architects, contractors, schools and col- 
leges, purchasing agents, manufactur- 
ers, public utilities and others engaged 
in the field of heating, ventilating and 
air conditioning. It contains the larg- 
est technical data section of any’ of 
the annual reference volumes that have 
been published. Some 45 chapters 
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cover design and _ specifications of 
heating, ventilating and air condition- 
ing systems. 

Those chapters dealing with cen- 
tral systems for heating, humidifying, 
cooling and dehumidifying have been 
carefully reviewed and a completely new 
chapter has been prepared which is 
entitled Central Systems for Comfort 
Air Conditioning. Information on heat 
transfer surface coils for summer and 
winter application has received special 
attention not given in previous edi- 
tions. The chapter on Combustion and 
Fuels has been completely revised. 

In addition to the technical mate- 
rial, over 270 pages of manufacturers 
catalog data are included, as well as 
an index to modern equipment listing 
300 items, cross-indexed as to product 
and manufacturer. 


Engineering Terminology. By V. J. 
Brown and D. G. Runner. Published 
by the Gillette Publishing Co., 330 
S. Wells Street, Chicago, Ill. Size 6 
$3.00 in.; 439 pages; cloth bound. Price 


This is the second edition revised 
and enlarged for the book fills a de- 
cided need in engineering literature. 
The enginering field has become so 
large that it is difficult, if not impossi- 
ble, for any one individual to be fa- 


miliar with the vocabulary of all 
branches. The fields covered include 
highways, streets, investment, water- 


works, sewerage, geology, structures, 
architecture, air conditioning, marine, 
economics, railroads, etc. Several ap- 
pendices include foreign terms, con- 
version units, suggested symbols and 
other data of a practical nature. 


An Introduction to Vector Analysis 
for Physicists and- Engineers. By H. 
Hague, First Edition. 118 pages, illus- 
trated. 4 by 6% cloth. Chemical Pub- 
lishing Co. of N. Y., Inc., 148 Lafayette 
St., New York, N. Y. 1939. Price $1.50. 


The purpose of this handy little vol- 
ume is to provide physicists and engi- 
neers with a concise explanation of the 
fundamental principles of vector analy- 
sis omitting all unessential detail of 
purely mathematical interest. Vector 
analysis is the natural means of ex- 
pression for the three dimensional 
problems of physics and engineering 
because its conciseness and freedom 
from mathematical detail enable the re- 
lationships between various quantities 
to be kept clearly in view. Much good 
work with vectors can be done with the 
aid of a few very elementary principals 
and it is the object of this monograph 
to give an introduction to these prin- 
ciples and explain them from a physi- 
cal standpoint so that they may be eas- 
ily available to the busy physicist or 
engineer approaching the problem for 
the first time. Dr. Hague, the author is 
lecturer in electrical engineering at the 
University of Glasgow and this mono- 
graph is based on a course of lectures 
given a few years ago to post-graduate 
electrical engineering students in the 
oe Institute of Brooklyn, 


Machine Design.. By Stanton E. 
Winston. Published by the American 
Technical Society, Drexel Ave. at 58th 
St., Chicago, Ill. Size 5% by 8% in.; 
326 pages; cloth bound. Price $3.00. 

Machine design is broad in its scope 
and offers great opportunity for special- 





ization. The basic fundamentals of 
theory and analysis is, however, com- 
mon to the entire field and this text 
is a simple, direct and comprehensive 
treatment of these fundamentals. The 
author is associate professor of mechan- 
ical engineering at Armour Institute 
of Technology and approaches the sub- 
ject in a practical manner, assuming 
only that the reader has some knowl- 
edge of mechanism and a knowledge 
of mathematics extending through trig- 
onometry and logarithms. Calculus 
is not used. The book is divided into 
nine chapters including simple and 
compound stresses, bolts and screws, 
cylinders and riveted joints, shafting 
and keys, couplings and clutches, wrap- 
ping connectors, friction drives and 
gears and miscellaneous details of de- 
sign. It is well illustrated by sketches 
and by photographs. 


The Superheater in the Modern 
Power Plant. By D. W. Rudorff. 
Published by the Pitman Publishing 
Corp., 2 West 45th St, New York 
City. Size 5 by 8 in.; 258 pp.; cloth 
bound. Price $6.00. 

In spite of the importance of super- 
heat in modern power plant engineer- 
ing, the author feels that the super- 
heater has received a one-sided treat- 
ment in technical literature, that its 
theoretical aspects have been over- 
treated while the actual ways and means 
of superheating have found only oc- 
casional and passing comment. This 
book is an attempt to bridge the gap 
in literature. It opens with a short 
discussion of the economic advantages 
of superheated steam and then discusses 
in considerable detail the fundamentals 
of superheater computation, not from 
the standpoint of minute procedure but 
to facilitate an understanding of the 
theoretical foundations. 

Superheater engineering necessarily 
entails a description and discussion of 
the different types of boilers with which 
they are used and which necessarily 
affect the design and operation of the 
superheater. Principles of superheat 
regulation, types of superheaters, their 
application to modern boilers, desuper- 
heaters and reheaters are followed by 
chapters on mechanical design and op- 
eration. A 21 page appendix with the 
Keenan steam tables is included. 


This book was originally published 
in England and thoroughly covers Eng- 
lish and Continental practice. A large 
number of the illustrations are, how- 
ever, selected from American plants 
so that the book has an international 
aspect and treats the most advanced 
practice throughout the industrialized 
section of the world. 


Simple Blueprint Reading with par- 
ticular reference to welding and welding 
symbols is the title of a new book- 
let which contains 140 mimeographed 
pages, 8% by 11 in., bound in durable 
paper. Price $0.50 in United States, 
$0.75 elsewhere. 

The booklet gives the student a 
comprehensive explanation of various 
symbols used in drawings of different 
types of welded joints. The 85 illustra- 
tions contained in the book include 
practical examples of drawings of a 
number of machine parts, pipe connec- 
tions and .general construction. The 
booklet also contains a list of questions 
ig answers. The Lincoln Electric 
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ENKINS wo VAL Vi 


- yyean ext’a savings! 


HECK the features in the diagram below and you'll see the sound 
valve engineering behind this Jenkins Fig. 624, 125 lb. Regrind- 
ing Swing Check Valve. 































































But the real superiority of Jenkins Iron Valves is proved in service. 


Throughout industry, “veteran” Jenkins Iron Valves... valves with 20, 
30, 40 years of trouble-free service ...are demonstrating that Jenkins 
design and construction mean worthwhile savings in maintenance costs. 


And when you get this better valve investment at standard “Good 
Valve Prices” —Jenkins Iron is obviously your best buy. 


JENKINS BROS., 80 White St., New York, N.Y.; Bridgeport, Conn.; Boston, Mass.; Atlanta, 
Ga.; Philadelphia, Pa.; Chicago, Ill.; Houston, Texas; Montreal, Canada; London, England 







A TYPICAL JENKINS 


TRON VALUE 


—T 
HERE ARE 10] OTHERS: 













1 Rugged Through-Bolts 
2 High Pressure Asbestos Gasket 

3 Machined Bronze Side Plugs 

4 Sturdy Hanger Assembly 

5 Heavy Duty Bronze Disc 

6 Renewable Bronze Seat Ring 

7 Convenient Bosses 

8 IRON Exceeds A.S.T.M. Standards 









Guide to Figure Numbers of 
Jenkins Iron Body Regrinding Check Valves 


SwING 
scw. | FLG, 


623 | 624 


ANGLE Lirt 
sCcw.| FLG. 


619 | 620 
930 | 931 
936 | 937 









STEAM | Horiz. Lirr 
PRESSURE | scw. | Fic, 


125 Lbs. 618 
150 Lbs. 929 
250 Lbs. 935 















617 
928 
934 
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Arc Welding in Design, Manufac- 
ture and Construction. Published by 
The James F. Lincoln Arc Welding 
Foundation. P. O. Box 5728, Cleve- 
land, O. 1408 pages, 695 illustration, 
size 6 by 9, semi-flexible leather. Price 
$1.50 postpaid in the U. S. A., $2.00 
elsewhere. 

This volume comprises 109 selected 
studies from the James F. Lincoln Arc 
Welding Foundation Award Program. 
These papers contain a wealth of de- 
sign, manufacturing and construction 
data, covering a great variety of sub- 
jects and conveniently arranged in ten 
sections. With few exceptions the pa- 
pers are reproduced in complete form. 
Only those which were too lengthy for 
inclusion in their entirety are in the 
form of comprehensive briefs. 

The ten sections cover every phase 
of arc welding practice and are entitled 
as follows: 

1, Automotive. 2, Aircraft. 3, Rail- 
road. 4, Watercraft. 5, Structural. 6, 
Furniture and Fixtures. 7, Commercial 
Welding—Automotive— Repair—Weld- 
eries. 8, Containers. 9, Machinery. 
10, Jigs and Fixtures. 

These papers in their collected form 
provide the engineering profession, stu- 
dents and schools with new, useful, 
scientific data and should be of value to 
engineers, designers, architects and pro- 
duction officials. 

Methods of Analyzing Coal and 
Coke, a revised edition of Technical 
Paper 8, has recently been published 
by the Bureau of Mines, Department of 
the Interior. This paper, revised by 
A. C. Fieldner and W. A. Selvig, in- 
cludes much material not found in the 
former editions. This new material con- 
sists of methods of analysis of coal and 
coke ashes, determination of iron forms 
in coal ash slags and clinkers, determi- 
nation of sulphur forms and carbon 
dioxide in coal, and agglutinating or 
caking characteristics of coals as de- 
termined by examination of the residue 
in the crucible incident to the standard 
test for volatile matter. 

Revisions have been made in many 
of the methods given in the former 
editions of the publication, which meth- 
ods include proximate and ultimate 
analysis, methods for phosphorus. calo- 
rific value, specific gravity, fusibility of 
coal ash, and shatter test for coke. The 
methods as published describe the cur- 
rent procedures as used in the labora- 
tories of the Bureau of Mines. 

Technical Paper 8, “Methods of 
Analyzing Coal and Coke,” is available 
by purchase from the Superintendent 
of Documents, Government Printing 
office, Washington, D. C., at a price of 
15 cents per copy. 


How to Buy, Sell and Burn Coal. 
By Thomas A. Marsh. Published by 
Thomas A. Marsh, 5625 Kenwood Ave.. 
Chicago, Ill Size 434 by 6% in. 97 
pages. Price: Single copies $1.00, 10 
to 24 copies 90c each, 25 or more copies 
80c net, including U. S. postage. 

Written for the guidance and as- 
sistance of anybody technically or non- 
technically trained, this book will un- 
doubtedly be of help to those concerned 
with fuel distribution as well as fuel 
utilization. The chapter entitled Schem- 
atic Analysis of Troubles is of excep- 
tional interest, covering such topics as 
Load difficulties, Stoker difficulties, 
Furnace difficulties, Control difficulties, 
Fuel difficulties and Operation difficul- 
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ties. Each topic is discussed in detail 
giving the causes of such a condition. 
The final chapter gives General Com- 
bustion Information. 

Piping Handbook. By J. H. Walker 
and Sabin Crocker. Published by Mc- 
Graw-Hill Book Co., 330 W. 42nd St., 
New York. Size 4% by 7 in., 877 pages. 
Price $6.00. 


This is the third edition of one of the 
most widely used and practical hand- 
books prepared for the engineering 
field for the authors, Superintendent 
of Central Heating and Senior Engi- 
neer of the Engineering Division, re- 
spectively, of The Detroit Edison Co., 
have approached the subject from a 
thoroughly practical standpoint. 


The first edition appeared in 1930, 
the second edition with minor changes 
in 1931. During the years since 1931 
there has been considerable change in 
piping practice, due to: welding, use 
of ready made fittings and temperatures 
of 750 to 950 deg. F. in the power 
plant field. There have also been some 
new methods of pipe manufacturing 
and considerable standardization work 
carried on by the various engineering 
societies so the third edition has been 
thoroughly revised and enlarged to 
meet present day practice. These 
changes are particularly noticeable in 
the chapters on metallurgy of piping 
materials, pipe, valves and fittings, heat 
insulation, steam power plant piping 
and oil piping. 


_ Pipe and Piping Material Specifica- 
tions. Published by the American So- 
ciety for Testing Materials. 260 S. 
Broad St., Philadelphia, Pa. Size 6 by 9 
in., 128 pp., spiral binding with stiff card- 
board cover. Price $1.25. 


For many years A.S.T.M. Commit- 
tee A-1 on Steel has been developing 
specifications covering steel materials 
for high temperature service. These 
standards have been issued and pub- 
lished as available either as separate 
pamphlets or in the regular Book of 
Standards. Eighteen such specifica- 
tions covering carbon steel and alloy- 
steel pipe and tubing, castings, forgings 
and bolting have been made available 
in this convenient, compact form. 

Diesel Hand Book. By Julius Ros- 
bloom. Published by the Diesel Engi- 
neering Institute, 137 Franklin St., Jer- 
sey City, N. J. Size 5 by 7 in.; 705 
oo fabrikoid binding. Price 


This is the sixth edition of a prac- 
tical book designed as a combination 
handbook and textbook dealing with the 
Diesel. Much of the text is in the form 
of questions and answers, with particu- 
lar stress on license examinations. 

Diesel Engines, Theory and Design. 
By Howard E. Degler. Published by 
the American Technical Society, Drexel 
Ave. at 58th St., Chicago, Ill. Size 5% 
by 8% in.; 266 pages; cloth bound. 
Price $2.50. 


Written primarily for students, de- 
signers and draftsmen, with the as- 
sumption that the reader has a work- 
ing knowledge of mechanics and the 
common gasoline engine, this book will 
have a wide appeal both for class room, 
home study and reference purposes. 
Although the book assumes a knowl- 
edge of fundamental principles of me- 
chanics, the material referring to 
Diesel engine theory, application, per- 
formance and design is developed com- 





pletely from first principles. It covers 
thermodynamics, fuels and combus- 
tion, testing and performance, funda- 
mental principles of engine design and 
design of the major parts. One of the 
most interesting and perhaps valuable 
parts of the book is the large number 
of examples which have been worked 
out in detail. Most of these examples 
refer to a specific engine, details of 
which are given on a two-page refer- 
ence table, with complete characteris- 
tics and dimensions of this engine. 

Protective Coatings for Metals. By 
R. M. Burns and A. E. Schuh. Pub- 
lished by the Reinhold Publishing 
Corp., 330 W. 42nd St., New York, 
N. Y. Size 6 by 9 in.; 385 pages; cloth 
bound. Price $6.50. 


Corrosion and corrosion protection 
are playing an increasingly important 
part in industrial problems and great 
advances have been made during the 
past decade in the technique of protect- 
ing metals by coating them with other 
metals, paint, lacquer or enamel. This 
entire subject is covered most compre- 
hensively in the present work which is 
an outgrowth of Rawdon’s Protective 
Metallic Coatings which appeared in 
1927 as one of A. C. S. Monograph 
series. The present work which started 
out as a revision, covers a much broader 
field and is in effect a complete new 
book. Dr. Burns is Assistant Chemi- 
cal Director of the Bell Telephone 
Laboratories and Dr. Schuh is Director 
of Research of the U. S. Pipe and 
Foundry Co. 


The book covers all phases of pro- 
tection by coating, surface prepara- 
tion for the application of coating, all 
types of metallic coatings including 
the noble and rare metals, methods of 
testing metallic coatings, composition 
of paints and mechanism of film forma- 
tion, durability and evaluation of paints, 
paint practices and miscellaneous coat- 
ings. It is designed primarily for those 
who have problems of protection for it 
discusses long time exposure tests 
which have yielded much of the basic 
information on this subject, tells how 
protection is provided for a wide vari- 
ety of industrial products, critically 
discusses the composition and proper- 
ties of paints, lacquers and enamels, 
with particular emphasis on synthetic 
resin vehicles. 


1938 A.S.T.M. Proceedings. Pub- 
lished by the American Society for 
Testing Materials, 260 S. Broad St., 
Philadelphia, Pa. Size 6 x 9 in., Vol. I 
657 pages; Vol. II 1342 pages. Price 
for each volume, paper $5.50, cloth 
$6.00, half leather $7.00. 

These Proceedings are published in 
two parts. Part I deals with the reports 
of some 50 committees outlining impor- 
tant standardization and research work 
accomplished. Practically 60 per cent 
of Part I consists of tentative standards 
issued or revised in 1938 and covering 
all steels and materials. Part II is 
made up of 45 technical papers, the 
Edgar Marburg Lecture on The Tor- 
sion Test and extensive discussions of 
the papers. Ten of the 45 papers com- 
prise the Symposium on Impact Test- 
ing; 13 relate to ferrous and non-fer- 
rous metals; eight to cement, concrete, 
ceramics, etc., while the remaining 12 
papers cover a number of miscellaneous 
subjects including adherence of organic 
coatings to metals, rosin crystallization, 
oxidation of transformer oil, etc. 
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Some Additional 
Features of 


Kennedy Fig. 89 


Disc holder has four prongs 
for guidance and to pre- 
vent binding 


Raised seat in body is unusu- 
ally high for longer disc 
life 


Slip-on disc holder locks at 
wide-open position 


Stem has large number of 
heavy contact threads to 
reduce wear 


Conical joint between stem 
and bonnet permits pack- 
ing under pressure 


Stuffing box is exceptionally 
deep with molded packing 
and long gland follower 


KENNEDY 


“T’HE first things you will notice 

on examining a Kennedy Fig- 
ure 89 Valve are its sturdy propor- 
tions and its attractive appearance. 
A specially interesting feature is 
the smooth silver cadmium _plat- 
ing on the malleable iron union 
bonnet ring and packing nut. This 
distinctive finish will not chip off nor 
be easily marred from wrenches, pro- 
vides permanent protection against 
rusting, and has a_ self-lubricating 
quality on the threads. 


When you try out the operation of 
this new valve, notice how easily the 
valve opens and closes. This is be- 
cause of a special machined low-fric- 
tion contact surface between the stem 


The 
Fig. 89 Globe Valve 


with Renewable Composition Disc 









KENNEDY 


head and the disc holder. Notice 
also the comfortable grip on the 
octagonal non-heating hand-wheel with 
the wheel nut below the level of the 
wheel so that it cannot burn the palm 
of the hand. 


The outstanding features of Ken- 
nedy Fig. 89 makes it a distinct ad- 
vance in heavy standard bronze globe 
valve design. Order some of these 
valves from your distributor and try 
them out at the first opportunity. You 
will find their easy operation, low 
maintenance expense and long life 
make them the best possible valve in- 
vestment. 


The Kennedy Valve Mfg. Co., Elmira, N. Y. 





CVALVES with évtra Value 


CHICAGO, SEPTEMBER, 1939 


119 











Power Plant Construction News 


Ala., Birmingham—Southern Ce- 
ment Co., Chamber of Commerce 
Building, plans installation of electric 
power equipment in connection with 
rebuilding portion of mill at North 
Birmingham, recently eg be by fire. 
Loss estimated close to $100,000. 

Ark., Augusta—City Council has 
plans under way for expansion in 
municipal power plant to double pres- 
ent capacity. Installation will include 
a 500-kw. Diesel engine-generator unit 
and accessory equipment. Cost re- 
ported about $45,000. - 

alif., Alameda—Bureau of Yards 
and Docks, Navy Department, Wash- 
ington, D. C., will receive bids until 
Sept. 20 for boilers and auxiliary equip- 
ment, forced and induced-draft fans, 
pumps and accessories, combustion con- 
trol apparatus, incinerator, air com- 
pressors, gasoline engine-driven gen- 
erator unit, piping and accessory equip- 
ment for installation in power plant at 
naval air station, Alameda (Specifica- 
tions 8619). 

Conn., East Hartford—United Air- 
craft Corporation, Pratt & Whitney 
Division, South Main Street, plans in- 
stallation of power equipment in new 
one-story plant addition for airplane 
engine-testing service. Entire project 
will cost about $100,000. 

Fla., Pensacola—Board of Port 
Commissioners, J. T. Wright, chair- 
man, is considering new cold storage 
and refrigerating plant in connection 
with fruit terminal and distributing 
building on waterfront. Cost estimated 
about $250,000, with equipment. 

Ill, Chicago—Eastman Kodak Co., 
Kodak Park, Rochester, N. Y., plans 
installation of electric power equip- 
ment in new three-story and basement 
branch on Prairie Avenue, near Seven- 
teenth Street, Chicago. Entire project 
will cost about $500,000. Schmidt, Gar- 
den & Erikson, 104 South Michigan 
Avenue, Chicago, are architects. 

Ind., Indianapolis—Hecker Prod- 
ucts Corporation, 1437 West Morris 
Street, plans installation of electric 
power equipment in new three-story 
and basement addition to polish-manu- 
facturing plant. Entire project will 
cost over $100,000. Company is affil- 
iated with Best Foods, Inc., 88 Lexing- 
ton Avenue, New York, N. Y. Lock- 
wood, Greene Engineers, Inc., 30 
Rockefeller Plaza, New York, is en- 
gineer. 

Ky., Spottsville—Tri-States Re- 
fineries, Inc., plan installation of power 
equipment in connection with expan- 
sion and improvements in local oil re- 
fining plant, to provide increase in 
crude oil-handling capacity by about 
500 bbl. per day. Cost estimated over 
$85,000. A. J. Slagter, Sr., is general 
manager. 

La., Morgan City—City Council has 
p'ans ‘under way for expansion and 
improvements in municipal electric 
power plant and waterworks station, 
including installation of additional 
equipment. A bond issue of $110,000 
has been authorized. Proposed to be- 
gin work soon. Joseph Evans is city 
engineer, in charge. 

La., Shreveport—Coca-Cola_ Bot- 
tling Co., Shreveport, plans installation 
of power equipment in new one and 





630 


two-story bottling plant at 275 Stoner 
Avenue. Entire project will cost close 
to $300,000. Work will begin early in 
the fall. Jesse M. Shelton, Bona-Allen 
Building, Atlanta, Ga., is architect. 

Md., Baltimore—Rustless Iron & 
Steel Corporation, 3400 East Chase 
Street, plans installation of electric 
power equipment in new additions to 
local mill. Work is scheduled to begin 
at once. Entire project will cost about 
$1,300,000, and appropriation in that 
amount has been authorized. 

Mich., Wayne— Stinson Aircraft 
Corporation, Wayne, plans installation 
of electric power equipment in new ad- 
dition to airplane-manufacturing plant. 
Entire project will cost close to $100,- 
000. Albert Kahn, Inc., New Center 
Building, Detroit, Mich., is architect 
and engineer. 

Minn., Moorhead—Water and Light 
Board, Fred Wensel, president, has 
plans in progress for expansion and 
improvements in municipal electric 
power plant, including installation of 
new 3000-kw. turbine-generator unit 
and auxiliary equipment, switchboard, 
instruments and accessory equipment. 
Cost about $100,000. Proposed to 
carry out work early in 1940. 

Mo., Kansas City—C. F. Downey 
Box Co., Fourteenth and Iron Streets, 
plans boiler house in connection with 
expansion in paper box manufacturing 
plant, including one-story addition, 50 
by 196 ft. Electric power equipment 
will be installed for factory operation. 
Entire project will cost over $65,000. 
Charles A. Smith, Finance Building, 
Kansas City, is architect. 

Mo., Nevada—City Council is con- 
sidering new municipal electric power 
plant, using Diesel engine-generator 
units with capacity of about 1500 kw., 
and accessories. Also for new elec- 
trical distribution system. Entire proj- 
ect is estimated to cost about $450,000. 
William’ Spann, Interstate Building, 
Kansas City, Mo., is consulting engi- 
neer. 

N. Y., New York—Consolidated 
Edison Co., 4 Irving Place, has filed 
plans for expansion and improvements 
in steam-electric generating station on 
block bounded by First Avenue, Thirty- 
ninth and Fortieth Streets, and East 
River, to include installation of new 
turbine-generator unit, high-pressure 
boilers. and auxiliary equipment. Cost 
about $1,000,000 

Ohio, Cincinnati—Streitmann Bis- 
cuit Co., Twelfth Street and Central 
Parkway, Cincinnati, plans installation 
of power equipment, traveling ovens, 
conveyors and other mechanical equip- 
ment in new two-story baking plant in 
Mariemont district, near Cincinnati, 
where tract of 15 acres of land has been 
acquired. Entire project will cost 
close to $2,000,000. John H. Deeken, 
800 Broadway, Cincinnati, is architect. 
Company is a subsidiary of United Bis- 
cuit Co. of America, Inc., 1041 West 
Harrison Street, Chicago, IIl. 

Ohio, Painesville—Clifton Products, 
Inc., care of Robert E. Windecker, 308 
West Washington Street, Painesville, 
recently organized by Mr. Windecker 
and brothers, Charles Windecker, 
River Drive, Painesville, plans installa- 
tion of electric power equipment in 


new chemical-manufacturing plant on 
site near city. A boiler house will be 
built. Entire project will cost approxi- 
mately $85,000. Work will begin at 
once, 

Pa., Coudersport—Abbott Dairies, 
Inc., Thirty-first and Chestnut Streets, 
Philadelphia, Pa., plans of power equip- 
ment in new dairy products manufac- 
turing plant at Coudersport. A central 
gas-fired heating system will be in- 
stalled. Entire project will cost close 
to $100,000. Clarence. E. Wunder, 
Architects’ Building, Philadelphia, is 
— Proposed to begin work 
soo 

Pa, Philadelphia—Bureau of Yards 
and Docks, Navy Department, Wash- 
ington, D. C., has secured an appropria- 
tion of $200,000 for extensions and im- 
provements in power plant at navy 
yard, Philadelphia, including installa- 
tion of additional equipment. Plans 
are in progress and bids are scheduled 
to be asked soon. 

Pa., Philadelphia—Naval Aircraft 
Factory, Navy Department, Philadel- 
phia, plans installation of electric power 
equipment in connection with plant 
expansion and improvements. Total 
appropriation of $2,000,000 has been 
authorized for project. Bids will be 
asked soon by commanding officer for 
different features of work. 


Texas, Corpus Christi— Central 
Power & Light Co., San Antonio, Tex., 
plans new steam-electric generating 
plant at Corpus Christi, to be operated 
in conjunction with present station at 
that place. Installation will include 
steam turbine-geferator units, high- 
pressure boilers and auxiliary equip- 
ment. Estimates of cost are being 
made. 

Texas, Midland—Shell Oil Co., Inc., 
Shell Building, St. Louis, Mo., plans 
new natural gasoline plant in vicinity 
of Midland, including power house, 
compressor station, welded steel pipe 
lines, steel tank storage facilities and 
other structures. Plant will be equipped 
for processing about 30,000,000 cu. ft. 
of gas per day. Entire project will cost 
over $1,000,000 

Wash., Tacoma—Water Depart- 
ment, W. A. Kunigk, superintendent, 
plans early call for bids for four 3500- 
gal. per min. capacity vertical pumping 
units and accessories, for installation 
in municipal pumping station to be con- 
structed at South Tacoma. Also for 
switchboard and auxiliary electric 
equipment for same pumping plant, 
automatic gates, etc. At same time 
bids will be asked for two deep-well 
pumping units with combined rating of 
8400 gal. per min. 

W. Va., Follansbee—Follansbee 
Brothers Co., Third and _ Liberty 
Streets, Pittsburgh, Pa., plans installa- 
tion of electric power equipment in 
proposed new additions to steel mill at 
Follansbee. Entire project will cost 
about $1,250,000. Financing is being 
arranged through RFC. 

Wis., Merrillan—Village Council 
plans reconstruction and improvements 
in municipal hydroelectric power plant. 
Cost estimated about $30,000. G. L. 
Van Fleet Co., Dubuque, Iowa, is con- 
sulting engineer. 
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